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LETTER OF TRANSMITTAL. 

To Hon. George C. Pardee, Governor of California, and the Honorable 
the Board of Trustees of the State Mining Bureau: 

Gentlemen: I have the honor to transmit Bulletin No. 37, Gems, 
Jewelers’ Materials, and Ornamental Stones of California,” which has 
been compiled by George F. Kunz, A.M., Ph.D. 

The industry of which this Bulletin treats is comparatively a new one 
in this State, but it is of growing importance, as the increasing annual 
value of the output of the subjects enumerated will testify to. 

Much care has been exercised in the field investigations, and a very 
complete examination has been made of all of the various deposits 
which have been found. 

The greatest courtesy has been shown to Field Assistants by the 
owners of the deposits, and much needed assistance has been extended 
in many ways. I shall not mention specifically the parties to v horn 
the thanks of this department are owing, but due recognition is given 
by Dr. Kunz at the conclusion of the introductory chapter, under the 
heading “ Recognition. ” 

To all who have aided in the preparation of this report, and who have 
loaned and donated specimens to our Museum from their mines, I again 
wish to extend the thanks of this department. 

To Dr. George Kunz, the Bureau is highly indebted for the great care 
he has exercised in the preparation of the work, and without his assist- 
ance, and the use of the valuable data he has collected concerning the 
Gem Industry in California, this publication would be far from 
complete, and in extending our thanks to him, I do so with a full 
knowledge of the valuable assistance he has rendered. 

Very respectfully, 

LEWIS E. AUBURY, 

State Mineralogist. 

San Francisco, June 30, 1905. 
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GEMS, JEWELERS’ MATERIALS, AND ORNAMENTAL 
STONES OF CALIFORNIA. 



By GEORGE F. KUNZ, A.M., Ph.D. 



INTRODUCTION. 



In preparing this report upon the gem-minerals of California, a few 
general considerations may be noted at the outset. Prior to the Mexi- 
can war, California was a land but little known — a romantic, dreamy 
region of far-away southern life, where the Catholic fathers had founded 
their missions, and brought the language and the architecture of Spain 
to the shores of the Pacific. With the transfer of the territory to the 
United States, and the discovery of gold in 1848, a swift and mighty 
change set in, and a wonderful era of progress began, which has con- 
tinued to the present time. 

In this great development of California, there may easily be recog- 
nized three distinct steps or stages, the later ones coming in not to 
replace the earlier, but as successive additions to the productive power 
of the State. For a number of years California was chiefly known and 
sought as the land of gold, the El Dorado. Later came the develop- 
ment of the soil for agriculture — the rich harvests of the great valley, 
and the luxuriant horticulture of the southern section, where the fruits 
of southern Europe are now gathered on so vast a scale. Lastly, within 
a few years, has come into view the wonderful richness of the State in 
gems and precious stones, as a third aspect of productiveness. With 
this, the present report has to deal. 

Many notices of separate observations and discoveries of this kind 
have from time to time appeared, and lists of minerals found in the 
State have been published- at various periods in different reports of the 
earlier surveys and by the State Mining Bureau. These will be enumer- 
ated further on.* But thus far there has been no general record of the 

* The titles of many of these reports will be given in the footnotes. See also Bibli- 
ography relating to" Geology, Palaeontology and Mineral Resources of California, 
including maps, by Capt. A. \V. Yogdes, published by the State Mining Bureau, San 
Francisco, 11104. 
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distribution of California gem-minerals as such; and the facts have, 
moreover, been accumulating so rapidly within a very short time past, 
that they have assumed an importance much greater than before. In 
1890 and 1892 the full list of the discoveries known was collected and 
published with other gem material.* 

The discoveries made within the past ten years have been reported 
almost entirely by the writer, in his capacity as Special Agent of the 
U. S. Geological Survey for this particular branch, in the annual reports 
on the Production of Precious Stones in the United States, published 
in the Division of Mineral Resources, in the annual reports of the 
Survey. All that has appeared in those volumes, together with a large 
amount of additional material, earlier and more recent, and much of it 
from personal communications and other unpublished sources, has been 
brought together, and corrected up to the date of going to press, so as to 
present to the people of California a general conception of the wealth of 
their State in gems and precious stones. It is hoped that this work 
may give an impetus to further discovery and advance. The develop- 
ments in this line during the last four years, especially in southern Cali- 
fornia, are phenomenal, and have not been paralleled by those of any 
other State or country. They seem, however, only to have commenced, 
and it is quite possible that in a few years many new and important 
discoveries will be made in this region, and California be known as one 
of the greatest gem-producing countries of the world. Hence, while this 
report is designed to comprise all gem -minerals found in the State, it 
will deal especially with the newest region of discovery. 

It is time, and it is fit, that this body of information should be given 
to the people of the State; as many of her mineral products are better 
known and better represented abroad than they are at home. Altogether, 
probably more than a billion dollars’ worth of gold, gems, and minerals 
of California have been diffused to the ends of the world — the first aid- 
ing in commerce and strengthening the banker, the others forming the 
ornaments and the pride of important museums and other great collec- 
tions. The tourmaline, spodumene, rock-crystal, and other gems — as 
familiar now to experts and collectors as the gold itself — have been 
better known to the residents of Russia, Spain, or Germany, than to the 
inhabitants of the Golden State whence they came. It is a singular 
fact that these gems are better represented in the American Museum 
of Natural History in New York, the United States National Museum 
at Washington, the British Museum in London, the Musee d’Histoire 
Xaturelle of Paris, and other great institutions in the East and abroad, 
than they are in the State Mining Bureau of California or the State 
University at Berkeley — both of which have collections that rank well 

*Gems and Precious Stones of North America, New York, 1890-92, by George F. 
Ivunz, pp. 31. 
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for the authenticity and the richness of their specimens, and for their 
magnificent examples of foreign minerals. If this report shall tend to 
increase the interest and awaken the pride of the people of the State in 
their remarkable mineral treasures, it will have served a purpose of 
permanent utility. 

GEM-MINERALS IN CALIFORNIA. 

The distribution of gem-minerals in California may be very broadly 
outlined somewhat as follows: 

I. There is, first, the gold region of the central and northern coun- 
ties along the western base of the Sierra Nevada; in this are found the 
gold-quartz used so much for jewelry and ornamental work, and the 
few but interesting diamonds. These latter occur loose in the gold- 
bearing gravels, sometimes of the surface placers, but generally of the 
old river-beds now covered and compacted by lava-flows. In these last 
also is found much of the agatized and opalized wood, which is some- 
times capable of use as an ornamental stone. In the same gravel fill- 
ing of an ancient stream bed, in Calaveras County, has also been found 
the wonderful deposit of transparent quartz crystals (rock-crystal) of 
great size, which have yielded some of the finest material for art woik 
ever known anywhere. These occurrences, it is true, are adventitious, 
and not in the nature of mines that can yield any permanent supply. 
But they have been found, and may be found again at any time. The 
gold-quartz is different in this respect, and a fairly steady production 
of it in certain of the quartz mines may be relied upon hereafter, as 
before. 

The diamonds found in the gravels are neither numerous nor large, 
but some of them are beautiful and all of them possess much interest. 
Their occurrence will be described further on in some detail. All have 
been found incidentally, and no search for them has ever been made. 
One or two suggestions, however, may be offered here: 

(1) As the U. S. Geological Survey is projecting a special study of 
the occurrence of platinum in California and the Pacific States, it 
would seem not unlikely that if some attention were paid to the occur- 
rence of the diamond, it also might be found in this exploration; as 
the diamond is one of the heavier minerals and is almost invariably 
met with in the riffles with the gold and platinum. 

(2) The new grease-board separator used in the South African dia- 
mond mines, recently devised through the keen observation of one of 
its employes— Mr. Kersten of Kimberley— might prove a valuable 
adjunct to some of the present gold-stamps, or in the sluices, to detect 
the occurrence of diamonds in California. It is a remarkable fact 
that while almost all other minerals pass over a board coated with 
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mutton tallow, when such a board is vibrated or “ jigged/’ all diamonds 
present remain adhering to the tallow, and can thus be separated. 
With a contrivance of this kind, diamonds down to the size of a pin- 
point are at present saved in the South African diamond washings, 
while otherwise they would surely be lost, 

II. There is next the region of Tulare County, centering around 
Visalia, where the recently developed chrysoprase mines occur at 
several points. This rare and beautiful stone exists here apparently 
in some abundance; and associated with it are a number of other forms 
and varieties of quartz minerals capable of use in the arts for orna- 
mental purposes, such as rose-quartz, chrysopal, etc., besides several 
species of garnet, some of which have yielded material for gems. 
Another interesting and rather peculiar stone found in this section, on 
the borders of Tulare and Fresno counties, is that named by the writer 
calif or nite — a compact green variety of vesuvianite, that perfectly 
resembles the celebrated ornamental stone known as jade, so much 
prized in the Orient for elegant art-work. This is also found in Siski- 
you County, at the northern extremity of the State. 

III. The desert region of the southwest, bordering on Nevada and 
Arizona. Here, in a country arid, barren, and desolate, consisting 
largely of volcanic rocks, are found some interesting localities of opal 
and of turquoise, the latter giving evidence, as in Arizona, of long and 
extended working by prehistoric tribes, who have left their stone tools 
and their rock inscriptions around their old places of labor. These 
turquoise mines occupy a considerable area in the northwestern angle 
of San Bernardino County, and are operated by the Himalaya and 
Toltec mining companies. The latter company has three groups of 
mines, all of them patented, situated on the great desert, about 100 
miles northwest from Needles station and about 50 miles north of 
Manvel, which is on a branch of the Santa Fe railroad. The three 
mining centers are some 6 miles apart, in the old Solo Mining District, 
and are known as East Camp, Middle Camp, and West Camp, the latter 
being within 20 miles of Death Valley. The altitude is between 5000 
and 6000 feet, and as there is no water at either camp, it is necessary 
to draw it over mountains from 1 to 5 miles. The same company also 
operates turquoise mines in Nevada, some 60 miles due east of the 
others. 

The other company, the Himalaya, has a group of live mines in the 
same district (the Solo), but some distance from the former, being about 
60 miles west of Manvel, reached only by team. These claims are all 
on one ledge, which is described as a “bird’s-eye porphyry” with some 
granite, striking north and south, with a dip of 75 degrees west. Tur- 
quoise is the only gem found, and occurs in pockets surrounded by a white 
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friable substance, said to be a lime silicate. Two shafts have been sunk 
to a depth of 80 feet, but no turquoise was found below half that depth; 
and from there up most of the material has been stoped to the surface. 
All the work was done by hand, with giant powder, and was laborious 
and costly, and has been suspended since February, 1903. During the 
last year of working, the amount shipped was 431 pounds of matrix 
and ordinary turquoise, and 49 pounds of picked material. 

IV. The most remarkable gem-region of the State, however, is that 
developed within a few years past in San Diego and Riverside counties, 
at several localities where lithia minerals occur, among which the gem- 
tourmalines and gem-spodumenes are especially prominent. Besides 
these, other gem-minerals have lately been found in adjacent or asso- 
ciated workings, especially topaz, transparent epidote and axinite, pink, 
green and blue beryl, and essonite garnet — the whole forming an assem- 
blage of such minerals that is scarcely, if at all, equaled anywhere in 
the world. Many of these mines are as yet only prospects, or trial 
openings; but the indications are that the region is full of possibilities. 
Lack of water and fuel are the chief obstacles thus far to a much more 
extended development. 

In general, it may be said that throughout the granitic region of San 
Diego and Riverside counties there is a widespread prevalence of an 
igneous rock of gray color which is generally called a diorite, with a 
little disseminated quartz and mica (biotite); some samples, however, 
Prof. T. C. Hopkins, whose account is quoted further on, determined to 
be gabbro rather than diorite. This rock, and the granite, appear in a 
series of ridges, or mountains, with a prevailing north and south course, 
and are traversed by dikes, or perhaps, as Professor Hopkins thinks, 
veins, of pegmatite— very coarsely crystallized granite. These have a 
general direction of northwest and southeast, and dip southward or 
south westward at varying angles at different points. It is in these peg- 
matite veins or dikes, which vary more or less in their structure, but 
possess great general similarity, that the gem-minerals are found. In 
the notes given further on as to the several mines, these special features 
will be stated in detail. 

There are in this region several centers of occurrence, as thus far 
recognized, of two somewhat distinct types — those yielding lithia min- 
erals. with gem-tourmaline and sometimes gem-spodumene, and those 
yielding principally garnet, beryl, and topaz. Of the former, three are 
especially to be noted, in San Diego County — (1) the Mesa Grande 
mines, which yield crystallized gem-tourmalines of splendid quality, 
almost exclusively; (2) the Pal a district, in which there are three 
parallel ridges — Pala Mountain on the west, with the great lithia mines 
and some colored tourmaline; Pala Chief Mountain, in which are found 
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very fine tourmaline and the new and remarkable gem-spodumene 
(kunzite); and Heriart Mountain on the east, with a number of open- 
ings yielding both tourmaline and kunzite; then, northeast of these, in 
Riverside County, there is (3) the region near Coahuila, in the San 
Jacinto Mountains; here was the first discovery of gem-tourmaline in 
California, so far as known to the whites, and kunzite and other litliia 
minerals have recently been found in association with the tourmaline. 
There are also other localities between this latter and Mesa Grande, and 
probably many others may yet be found. About half-way between 
Mesa Grande and Pala is a fine beryl mine, near Rincon. 

The other class of mineral localities appears to lie along a line some- 
what southwest of those just noted, extending from near the Mexican 
boundary, at Jacumba, northwest to Ramona and perhaps beyond, 
following the general strike of the pegmatite veins, and almost exactly 
parallel to the line from Mesa Grande to Pala. At Ramona are found 
abundant fine garnet (essonite), with topaz and beryl, notably the rose 
variety, but not much tourmaline, no kunzite, and in general little of 
the lithia minerals. Around Jacumba are found beryl and essonite 
garnet (often called hyacinth); the latter is abundant, and at one or 
two points has been worked for several years to some extent. Jacumba, 
or Jacumba Hot Springs, is close to the Mexican line, some 20 miles 
east of Campo, and almost on the western edge of the Colorado Desert. 

With regard to the character of the rocks, and the relation of the 
minerals thereto, the following statement from Prof. T. C. Hopkins, of 
Syracuse University, Syracuse, N. Y., is very instructive. Of particular 
interest is his distinction between the gem-minerals of the pegmatite 
veins in the gabbro (diorite) and in the granite. In many of the notes 
on special features of the several mines, given further on, will be seen 
phases of the vein-structure that Professor Hopkins here mentions, 
especially the differences between the upper and lower sides of the vein, 
which are constantly alluded to. The pockets in which the gem-crystals 
occur are usually in a somewhat central zone; above is the more typical 
pegmatite, and some of the describers use that name only for this por- 
tion; below lies a finer-grained feldspathic division, which is commonly 
called the “line-rock,” from its being so often lined or banded with 
minute garnets, as Professor Hopkins describes, or in some cases with 
minute black or blue tourmalines. The question between gabbro and 
diorite, for the rock traversed by the pegmatite veins, or dikes, may 
well be one of locality, as Professor Hopkins concedes in part. The 
rock may vary in constitution at different points, as it does in physical 
structure. At one or two places, especially near Dehesa, it takes on the 
peculiar concretionary character known as orbicular diorite, and this 
may be valuable as an ornamental stone. 




ILL No 3. WEATHERED MASS OF “LINE-ROCK” SHOWING GARNET INTERLINEA- 
TIONS IN THE COMPACT FELDSPAR. NAYLOR-VANDERBURG MINE, 
IIERIART MOUNTAIN, SAN DIEGO COUNTY. 




ILL No. 4. ORBICULAR DIORITE, DEHESA, SAN DIEGO COUNTY-WEATHERED SURFACE 
SHOWING THE STRUCTURE. 
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The Gem Regions of San 
Diego County , California , 
by Prof. T. C. Hopkins.— 
“The gems occur in the 
midst of pegmatite veins 
which are formed in the 
granite and gabbro rocks. 
These rocks form a range 
of hills and mountains 
running through the west 
and west central portions 
of San Diego County. Both 
the rocks occur in great 
quantities over large areas 
and meet along very ir- 
regular lines of contact, 
sometimes a long tongue 
of the granite extending 
into the gabbro and some- 
times the reverse. The 
gabbro varies considerably 
in both color and texture. 
In places it is finely crystal- 
line, grading into basalt 
with its characteristic col- 
umnar structure, and else- 
where it is quite coarse- 
grained and massive. The 
granite likewise varies from 
a coarse-grained texture to 
a fine-grained felsite and 
porphyry. In places also 
it has a gneissoid structure 
and grades into mica schist. 
It is a dark gray biotite 
granite, containing in 
places dark blotches due 
to imperfect crystalliza- 
tion of the magma. The 
pegmatites occur in both 
the gabbros and the gran- 
ites, but nearly all of the rich 
gem-bearing veins are in 
The rich tourmaline and kunzite veins at Pala and 
The topaz, garnet, and beryl veins 



the first rock. 

Mesa Grande are all in the gabbro 



GEMS, JEWELERS 9 MATERIALS, ETC., OF CALIFORNIA. 



17 



at Ramona are in the granite. The veins are locally very numerous; 
in some places in the vicinity of Ramona they form nearly half of the 
rock mass. The gems invariably occur in pockets in the midst of the 
pegmatite — not always the exact middle of the vein. Generally the vein 
on one side of the pocket is more coarsely crystalline than on the other 
side, and in many instances the finer-grained portion is finely banded 
with small brown garnets. The gems commonly occur embedded in 
loose clay, but occasionally they are attached to the walls of the pocket 
and may even be embedded in quartz or orthoclase feldspar. They 
are almost invariably accompanied by crystals of albite, lepidolite, and 
quartz. The latter are sometimes quite large, single crystals weigh- 
ing from 100 to 150 pounds. The country rock has been called a 
diorite, but a microscopic section from one locality proves it clearly a 
gabbro, although it may be diorite at other points. The evidence 
appeared to me pretty conclusive that the pegmatites are veins and 
not dikes.’ 7 * 

In the summer of 1903, Dr. Waldemar T. Schaller, of the department 
of geology of the University of California, now of the U. S. Geological 
Survey, visited the tourmaline and kunzite mine recently opened on 
Pala Chief Mountain, and reported upon the occurrence in detail. 
Iiis account of it will be cited further on; at present it is merely men- 
tioned as an authoritative description of this locality, giving the same 
general facts as indicated over a wider area by Professor Hopkins. f 

The general geology of the granitic region of southwestern California, 
in which these remarkable developments of minerals have recently been 
made, has been repeatedly described, but never very fully or exactly 
determined. At the time of the second geological survey, under Prof. 
-J. D. Whitney, 1860 to 1865, the whole region was little known or set- 
tled. save at a few points on the coast. Professor Whitney gives certain 
broad outlines, but not based upon any detailed examination of that 
part of the State as a whole. He points out the disappearance of the 
Great Valley, with its clear definition of the two mountain systems on 
either side, the Sierra and the Coast Ranges, and the apparent inter- 
mingling of the two, as the Sierra bends toward the southwest, cutting 
off the central valley. This south westward extension of the Sierra passes 
across what is now Kern County, and, with the Tehachapi Mountains, 
divides it into two well-marked portions. Professor Whitney observes 
that it is only by the age and position of the sedimentary rocks, and 
not by any topographical features, that the mountains below this line 
can be judged as to their relations. As the two systems approach and 
intermingle, the lines of disturbance are so closely related, and so influ- 

* Letter from Prof. T. C. Hopkins, dated January 11, 1905. 

+ W. T. Schaller, Spodumene from San Diego County, Cal.; Bull. Dept. Geol. Univ. 
Cal., Vol. Ill, Sept., 1903, pp. 265-275. 
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enced by secondary ones, that the topography gives no clew to the actual 
facts of structure.* 

His determination was that the Coast Range ends at about San Luis 
Bey, and is not traceable farther south; and that the principal moun- 
tains of what are now San Diego and Riverside counties belong geolog- 
ically and orographically to the Sierra Nevada, which stretches on 
southward to form the long peninsula of Lower California. 

This close relation of the region under consideration to the system 
of the Sierra was recognized and confirmed ten years later by Prof. 
W. A. Goodyear, who made a reconnaissance of the country in 1872. 
His notes were published many years afterward, in the eighth report 
of the State Mining Bureau, 1888. They are clear and vivid in their 
topographic portrayal. He describesf the geological and geographical 
features of San Diego County (including also what is now Riverside 
County) substantially as follows: 

The broad mountain range which, stretching south from the San 
Bernardino Valley, occupies all the western part of San Diego County, 
from the Pacific east to the Colorado Desert, and south to the Mexican 
line, is essentially a region of granite, nine tenths of it being composed 
of this rock. Along the coast it is flanked by Tertiary sediments; and 
much of it, especially in the eastern part, is traversed by belts of 
highly metamorphic schists, micaceous and hornblendic, with a prevail- 
ing northwesterly course. The detailed topography is exceedingly 
complex, the ridges trending in different directions and inclosing 
valleys at various altitudes. 

Along the shore extends the Tertiary mesa, which rises gently east- 
ward, and sometimes reaches far inland among the mountains, to 
heights varying from 500 to 800 feet. The mountains gradually increase 
in elevation, until at some 50 miles from the coast they form a crest 
line of some 6000 or 7000 feet, from which they fall off steeply and 
rapidly on the eastern side some 5000 feet to the western edge of the 
Colorado desert; thus resembling, says Professor Goodyear, on a smaller 
scale, the form and contour of the true Sierra Nevada. f 

Such is the general character until the northern part of San Diego 
(now Riverside) is reached, when a more east and west trend appears, 
culminating in the grand peak of San Jacinto, near the San Bernardino 
line, whose height is given by Lieutenant Wheeler as about 11,000 feet. 

Professor Goodyear then describes in some detail his examination of 
the rocks and the structure in ascending the canon of the San Diego 
and traversing the ridges and valleys to Ramona, B alien a, Santa 
Ysabel, Julian, and Banner, some of which are in the region of the 
recent discoveries. Everywhere the predominant rock is granite, of 



*Geol. Survey of Cal., Yol. 1, 1865, pp. 167, 168. 
f California State Mining Bureau, Rept. VIII, 1888, pp. 516-522. 
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varied type, sometimes becoming a syenite, “ consisting of feldspar and 
hornblende, with but little quartz and almost no mica, which might 
almost be called a diorite.” This latter rock is now recognized as a 
distinct formation from the granite, as elsewhere described herein. He 
notes the occurrence of the orbicular diorite at several places, saying 
that the granite “ often contains dark-colored hornblendic nodules, 
* * * whose texture is still granitoid.” The pegmatite dikes, now 

found to be so rich in gem-minerals, are well described, as follows: 
“The granite country here (i. e near Julian) is frequently traversed 
by veins of very coarse granite, which sometimes furnish plates of 
mica one to two inches in diameter, with correspondingly large blocks 
of feldspar”; lie also noted the black tourmaline crystals in the same 
veins, but did not encounter the colored ones. 

The ascent of Cuyamaca Mountain is then described; and the general 
features of the whole region, as seen from that fine point of observation, 
are so clearly presented that it is well to quote them in detail. The 
view is extensive and grand — northward to the San Jacinto and San 
Bernardino mountains, westward along the coast and out to sea, and 
southward far into Mexico; northeast lies the Colorado Desert and the 
Coahuila Valley, and a long stretch of the San Bernardino Mountains 
running toward the Colorado River along the northeast side of the 
desert. 

“ F rom this standpoint,” Professor Goodyear says, “the whole country 
from just back of San Diego * * * to the western edge of the 

desert is like an angry ocean of knobby peaks, more or less isolated, 
with short ridges running in every possible direction, and inclosing 
between and among them numerous small and irregular valleys. As a 
general rule, the higher peaks and ridges rise from 1000 to 2500 feet 
above the little valleys and canons around their immediate bases. 
But in going eastward from the coast, each successive little valley is 
higher than the one * * * preceding, and the dominant peaks and 

ridges also rise higher and higher * * * until we reach the irregular 

line of the main summit crest, or water-divide, * * * when the 

mountains break suddenly off and fall within a very few miles from 
4000 to 5000 feet or more, with an abrupt and precipitous front to the 
east, to the western edge of the desert. It thus follows that this chain 
of mountains, as already stated, though made up of a confused mass of 
minor ridges and peaks of granite, having in their detailed topography 
but little connection with or relation to each other, nevertheless has a 
general orographic form very closely allied to that of the Sierra Nevada 
in the more central portions of the State.” 

In the volume published by the Miners’ Association, in 1899, for the 
California meeting of the American Institute of Mining Engineers, the 
following similar, though much more recent, account is given as to this 
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region. Referring to the mineral wealth of southern California, that 
term is defined as that portion of the State south of the Tehachapi 
Mountains — a which unite the Sierra Nevada and Coast Ranges, inclos- 
ing the upper (i. e 9} southern) end of the central valley, and topograph- 
ically dividing the State into two regions of distinct characters.” The 
belt on the west is fertile, salubrious, rich, and prosperous, the mineral 
resources are chiefly oil and asphalt; otherwise, the mineral wealth of 
southern California lies eastward, in a very different area, comprising 
most of San Diego, Riverside, San Bernardino, and Los Angeles coun- 
ties. The chief mining region is the desert country east of the Coast 
Ranges, “ a region of rugged mountains, bare and forbidding hills, and 
sandy plains, divided by a series of mountain elevations into the Mojave 
and Colorado deserts.” Gold and other mines exist all through this 
arid country, in which the rocks present great diversity, of all ages and 
types, the igneous ones being very numerous and marked. This report 
was chiefly concerned with gold mining; but the general presentation 
given is very good, and may well be taken here as descriptive of the 
recently developed gem-regions of southern California. 

The two contrasted areas above noted have their separate types of gem 
production — those already mentioned as III and IV — in the extreme 
southern part of the State. The fertile region on the west is the Tertiary 
plateau or coast mesa; then comes the broad zone of granitic hills and 
ridges, so vividly pictured by Professor Goodyear, and identified by 
Professor Whitney, as in reality the southwestern extension of the Sierra, 
although in its geographical relations it occupies the place of the Coast 
Range. Through this hilly zone run the pegmatite veins, so rich in 
lithia minerals — tourmaline, kunzite, lepidolite, etc. — and in garnet, 
beryl, and topaz, at many points from the Mexican border to the heights 
of the San Jacinto Mountains. Then comes, on the east, the steep 
falling-off of the mountain area, as described by Professor Goodyear, to 
the arid stretch of the Colorado Desert, bounded on the northeast by 
the San Bernardino range, beyond which, to the north, lies the Mojave 
Desert, with its borax mines. In the Colorado Desert, among the 
volcanic rocks, are the opal and turquoise localities mentioned under 
III — some of the latter far up on the San Bernardino heights, and 
others away to the eastward in Nevada and Arizona. 

It is with the western division — that of the granitic hill country —that 
the present report has principally to deal, although the other gem- 
producing areas are also described. 
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HISTORICAL OUTLINE* 

The first discovery of colored gem-tourmaline in the State goes back 
as far as 1872, when Mr. Henry Hamilton, in June of that year, obtained 
and recognized this mineral in Riverside County, on the southeast slope 
of Thomas Mountain. These colored tourmalines, now found at a 
number of points, were not encountered by Professor Goodyear, who 
particularly noted the black tourmalines in the pegmatite veins, in his 
geological tour through San Diego County, in the same year, referred to 
above; but his reconnaissance was a little south of the gem-tourmaline 
belt. Some mining was done at this point, and fine gems were obtained. 
In the course of years, three localities were opened and more or less 
worked in this vicinity; so that in the author’s report on American 
gem-production for 1893, the following statement appeared:* 

“ Tourmalines are mined at the California gem mine, the San Jacinto 
gem mine, and the Columbian gem mine, near Riverside, California. 
These three mining claims cover the ground on which the tourmaline is 
found, and are situated in the San Jacinto range of mountains in River- 
side County, California, at an altitude of 6500 feet, overlooking Hemet 
Valley and the Coahuila Valley, and 27 miles from the railroad. The 
formation in which the crystals are found is a vein from 40 to 50 feet 
wide running almost north and south through the old crystalline rocks 
which make up the mountain range. The vein in some places consists 
of pure feldspar, or else feldspar with quartz, in others all mica, and in 
others rose-quartz and smoky quartz. The tourmalines vary in size 
from almost micrograins to crystals 4 inches in diameter. They are 
most plentiful in the feldspar, but are found in other portions of the 
vein, sometimes in pockets and sometimes isolated. The larger crystals 
generally have a green exterior and are red or pink in the center. Some 
of the crystals contain green, red, pink, black, and intermediate colors; 
others again are all of uniform tint — red, pink, colorless, or blue. 
Associated with the tourmalines are rose-quartz, smoky quartz, asteriated 
quartz, and fluorite, and some of the quartz was penetrated with fine, 
hair-like crystals of tourmaline, strikingly like a similar occurrence of 
rutile.” 

It may seem remarkable that this locality of gem-tourmalines should 
have been unrecorded in the earlier lists of California minerals given 
by such authorities as Professor Blake and Mr. Hanks in the 
reports of the State Mining Bureau for 1882 and 1884. But the parties 
who knew of the occurrence did not make it public for some years, and 
the earlier specimens were taken out quietly and their locality not 
divulged. The writer had positive knowledge as to the facts, however, 
and possesses a fine specimen obtained prior to 1873. 

* George F. Kunz: Min. Res. U. S,, Rept. U. S. Geol. Survey, 1893, p. 18 (reprint). 
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The second important discovery in this region was made, or at least 
announced, twenty years later, in 1892, by Mr. C. R. Orcutt — the great 
locality of lithia minerals at Pala. Some allusions to red tourmaline 
from uncertain sources in this part of the State had appeared before; 
but nothing very specific. In the list of California minerals prepared 
by Prof. William P. Blake in 1880-82,* and also quoted in that of 




ILL. No. 6. “BRIDAL CHAMBER,” LEPIDOLITE MINE, PALA, 
SAN DIEGO COUNTY-SHOWING TOURMALINE 
CRYSTALS EMBEDDED IN THE ROCK. 



Mr. Henry G. Hanks, published in 1884, f references are made to the 
recent discovery of rubellite, for the first time in the State, associated 
with lepidolite, “in the San Bernardino range, southern California. 
The general description is precisely that of the I ala specimens, but 
the location is very indefinite. Mr. Hanks refers to the same associa- 
tion under lepidolite, and mentions a specimen in the State Mining 



"State Mineralogist, 2d Rept., 1880-82, p. 207, Appendix, 
f Ibid., 4th Rept., 1884, p. 389. 
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Bureau, from San Diego County, and remarks that “this may at some 
future time he found profitable to extract lithium from it”* — a pre- 
diction abundantly verified now. Mr. Orcutt, however, was the first to 
make the locality known. It was noted by the author in his report for 
1893, where the following account was given: f 

“Mr. Charles Russell Orcutt has announced a new and remarkable 
occurrence of pink tourmaline in lepidolite, similar to that of Rumford, 
Maine, 12 miles south of Temecula, near San Luis Rey River, in San 
Diego County, the southern county of California, and it has already 
become celebrated from the abundance and beauty of the specimens 
yielded, as much as twenty tons having been sent East for sale. 
Through San Diego County runs the Peninsula range, rising several 
thousand feet between the coast and the Colorado Desert. In these 
granite mountains are diorite intrusions and some metamorphic schists, 
etc. West of the summit lies a parallel belt of granitic rock character- 
ized by dikes of pegmatite, in one of the largest of which occurs this 
great deposit of lepidolite with tourmaline. In Pala, a little west of 
Smith’s Mountain, in the Peninsula range, * * * a ledge of lepidolite 
containing rubellite has been traced for over half a mile. It consists 
of a coarse granite, penetrating a norite rock, and including masses of 
pegmatite. Small garnets occur in the granite, and black tourmaline, 
with a little green tourmaline. The lepidolite appears in the southern 
portion, finally forming a definite vein which at one })oint is twenty 
yards wide. The rubellite is chiefly in clusters and radiations, several 
inches in diameter, also occasionally as single crystals, and the speci- 
mens of deep pink tourmaline in the pale lilac mica are remarkably 
elegant. About eighteen tons were mined during 1892.” 

The next important discovery was made six years later, in 1898; 
this was the wonderful Mesa Grande locality, some 20 miles southeast 
of Pala. There are various stories about the Indians having known it 
for many years, and the most familiar account is that given further on 
under Tourmaline. But the fact that some of the highly colored crys- 
tals are found in Indian graves in the vicinity, suggests that they may 
have been known and valued perhaps for a very long time. The ledge 
in which they occur is exposed by erosion on the side of the mountain; 
and the natives had certainly learned where to find crystals, and had 
them in their possession for some years before the whites knew any- 
thing about them. It is even said that they had learned how to do a 
little rude blasting, and thus to reach the cavities in which the minerals 
occur. It was not until 1898, however, that this now famous locality 
was made known to the world. 



* State Mineralogist, 4tli Uept., 1884, p. 254. 

t Kept. U. S. Geol. Survey, 1893, Min. Res. U. S., pp. 17, 18 (reprint). 
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The discovery was announced in the author’s report for 1900. on the 
production of precious stones in the United States, as follows:* 

“In 1898, while prospecting in Mesa Grande Mountain, San Diego 
County, California, for lepidolite, a large ledge was observed that 
appeared to be a mass of this mineral. This locality is at an altitude 
of 5000 feet on the Mesa Grande Mountain, a region in which no 
geological work had up to that time been done. The first few blasts 
showed that lepidolite was present in quantity, and also in larger and 
more brilliant scales than in the well-known locality at Pala, Cal. 
Both in the lepidolite and in the associated quartz there are magnifi- 
cent crystals of tourmaline, and, as at Pala, the rubellite variety pre- 
dominates. The new locality differs, however, in having the tourmaline 
in distinct, isolated crystals. Many of these are translucent, or even 
transparent, and occur as large, separate crystals, with perfect prisms 
and terminations. They differ in both these respects from the Pala 
crystals, which are nearly opaque and grouped in radiations almost 
blending into the matrix, which latter is lepidolite, with rarely ever 
any quartzite. The rubellite seems the predominating variety at Mesa 
Grande Mountain; but there is also a large proportion of parti-colored 
crystals— i. e., those made up of three, four, or five distinct sections, as 
at Haddam Neck, Conn., and Paris, Me.; others present the Brazilian 
type, in which several different colored tourmalines appear, as though 
included one within the other. In the Brazilian crystals, however, the 
interior is generally red, inclosed in white, and the exterior green. 
This concentric arrangement is reversed in the crystals from Mesa 
Grande Mountain, which are generally green in the interior, or yellow- 
green, inclosed in white, with the exterior red. The habit of the 
crystals is also very interesting, in that many of them, when doubly 
terminated, end in a flat, basal form of pyramid, and are not hemi- 
morphic, as tourmalines generally are.” 

For several years, these above noted were the only gem mines of this 
region, and their product was highly esteemed. But in 1902 began a 
succession of new discoveries that have attracted great attention. On 
Pala Chief Mountain and on Heriart Mountain began to be found not 
only fine-colored tourmalines, but the novel and remarkable gem- 
spodumene, designated as kunzite. This last-named mineral was found 
by Mr. Frederick M. Sickler, at what is now known as the White Queen 
mine, on Heriart Mountain, east of Pala, early in 1902; it is claimed, 
indeed, that he had obtained one or two pieces some time before, but it 
was not identified. In July, 1902, Mr. Sickler visited San Diego and 
Los Angeles, and showed specimens to local jewelers and collectors, 
none of whom recognized it. The first determination was made by the 
writer, from specimens sent by Mr. Sickler early in 1903. 

* Min. Res. U. S., Rept. TJ. S. Geol. Survey, 1900, p. 33 (reprint). 
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The great Pala Chief mine, which has given its name to the middle 
one of the three ridges or mountains at Pala, and has yielded magnifi- 
cent tourmalines and the largest and finest gem-spodumene crystals, 
was located in May, 1903, by Frank A. Salmons, John Giddens, Pedro 
Peiletch, and Bernardo Heriart. The actual discoverers were probably 
the two last named, the Basque prospectors who had already been 
working and locating claims with the two Sicklers, father and son, on 
Heriart Mountain, the ridge a little to the east. Mr. Salmons has been 
the principal operator, however, of this very notable mine. 

The first public announcement of these discoveries appeared in the 
writer’s report on gem-production in the United States for 1902, having 
been introduced late, while the report was being printed in 1903.* They 
were also described by the writer in “ Science” for August 28, 1903, and 
in the American Journal of Science for September of the same year.f 

Meanwhile, on September 8, 1902, gem-tourmaline had been discovered 
on Aguanga Mountain, some 5 miles south of Oak Grove, by Mr. Bert 
Simmons. This locality lies nearly east from Pala and south from that 
at Coahuila, next to be mentioned, and about equally distant from the 
two, some 15 miles. Kunzite has since been found on the same claim. 

On May 30, 1903, Mr. Simmons discovered both colored tourmalines 
and kunzite in Riverside County, some 10 miles west of the old Hamil- 
ton (first) discovery. The locality is on Coahuila Mountain, about 20 
miles northeast of Pala. The mine was for some time known as the 
Simmons mine, but has been sold to Mr. E. A. Fano, of San Diego, and 
is now called by his name. This is one of the most promising and 
productive mines of the region. 

The discoveries at and around Ramona followed in rapid succession, 
in 1903. Some had been made several years earlier, but they had not 
attracted much notice. Essonite garnet was reported near Ramona in 
1892, by D. C. Collier, and also fine epidote. Much of the essonite 
found hereabout is of rich color and fine gem quality. 

Several mines, with this “hyacinth” variety of garnet and more or 
less of beryl and tourmaline, were located in May, July, and Septem- 
ber, 1903. 

On October 3d of that year, topaz was discovered in the same vicinity, 
by Janies W. Booth and John D. Farley. This was a novel and impor- 
tant addition to the gem products of the State. The crystals are of 
various sizes, some of them large, often transparent, and range from 
colorless to pale shades of blue, much resembling those from the old 
and well-known locality at Sarapulka in the Ural Mountains. 

These minerals will be described further on, in the body of this report, 

*Min. Res. U. S., Kept. U. 8. Geol. Survey, 1902, pp. 848, 849. 

f Science. Yol. XVIII (new ser.), No. 452, 1903, p. 280; and Am. J. Sci. (4), Vol. XVI, 
1903, pp. 204-267. 
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and the several mines will be enumerated, with their special products, 
in the section following. 

As was noted before, the garnet and topaz belt seems to run on a 
distinct and parallel line somewhat southwest of the tourmaline-kunzite 
mines. The main localities are near Ramona ; but if a line be drawn 
from that point southeast to the Mexican border, it will strike another 
great garnet region near Jacumba Hot Springs. These localities have 
only recently been much known or examined. They were first described 
in the writer’s report on gem production for 1903, together with the 
Ramona discoveries above noted,* as follows: 

*• Essonite has been found at a number of localities in deposits spread 
over a considerable territory from 9 to 10 miles northeast of Jacumba 
Hot Springs, San Diego County, Cal., usually associated with granite 
and granular limestone. At three of the places some gem material has 
been found. Associated with it is a little vesuvianite and crystallized 
quartz. Eleven localities in this region are noted. Essonite has also 
been found near San Vicente, El Cajon Mountains, but the crystals 
were full of imperfections. The finest essonite crystals are obtained 
at Ramona, San Diego County, associated with green tourmaline, 
white topaz, and beryl, occasionally in perfect dodecahedrons and 
trapezohedrons, of rich yellow to orange-red color, and very brilliant. 
They have also been discovered at Warner’s Ranch, Mesa Grande, Santa 
Ysabel, Gravilla, and Julian, San Diego County; Deer Park, Placer 
County; Laguna Mountains and Jacumba, and also at several places 
below the Mexican line. As some of the crystals were of exceptional 
brilliancy, it is possible that on further development many fine gems 
will be obtained. ” 

The name Jacumba is used in a very general way for any place 
within a few miles of the store and springs. It properly belongs to a 
small valley surrounded by mountains of granite, and locally noted for 
its earthquakes and hot springs, situated close to the Mexican line. 
The springs are liable to great fluctuations of level, and there are exten- 
sive lava-flows among the mountains around, so that the region appears 
to be one of recent volcanic activity. As yet, however, it has not been 
accurately mapped or geologically examined. The springs are both hot 
and cold, variously impregnated with mineral substances, and are likely 
to become important as a health resort, especially as the country still 
abounds with wild game. They are situated on the projected railroad 
line skirting the frontier, from San Diego to Phoenix, Arizona — 74 miles 
east of San Diego and some 20 miles from Campo, in the S. E. i of 
Sec. 12, T. 18 S., R. 7 E., S. B. M. A short distance east is the main 
mountain crest, and then a steep descent to the Colorado Desert. 

Throughout this region around Jacumba, essonite garnet is found at 

* Min. Res. U. S., Rept. U. S. Geol. Survey, 1903, p. 19 (reprint). 
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various points, together with black tourmaline and some beryl. As 
elsewhere in all the granite country of San Diego County, these minerals 
are associated with pegmatite veins, though at one or two points the 
garnets are reported in a limestone. The mines best known are situ- 
ated in the Santa Rosa Mountains, several miles northeast of Jacumba. 
Not much working has been done as yet, but there is likely to be a good 
deal more soon. One mine, the Dos Cabezas, in which the garnets 
occur in a marble, has been known for some ten years, and occasionally 
worked, yielding many fine hyacinths. 

The country hereabout is very wild, rugged, and inaccessible, and 
wood and water are scarce. If the railroad is opened through, this may 
become an important region of gem-production. 

In t lie whole hilly country of the granite and diorite, west and south 
from these lines of opening, here briefly^ indicated, constant reports 
are coming in of interesting mineral discoveries. The orbicular diorite, 
or napoleonite, elsewhere described, near Dehesa, and the newly discov- 
ered lilac dumortierite, not far from the same place, may both become 
valuable ornamental stones, if procurable in quantities sufficient for 
such purposes. These are described in the body of this report. The 
whole country seems full of possibilities for precious and semi-precious 
minerals; and years must yet pass before it will be so fully explored 
that any complete estimate of its resources can be formed. Meanwhile 
this report brings together most of what has been discovered, and also 
of what has been done thus far, in regard to the gem-minerals of south- 
ern California. 



RECOGNITION. 

In issuing this report, the writer desires to bear testimony to the 
work of those who have preceded him in the study of California miner- 
alogy, and also of those who have directly aided or contributed to the 
gathering of the facts herein presented. A very brief review may be 
given in the first place of the history of mineralogical investigation in 
the State of California, in order to link the present with the past and 
to show something of the course of development. 

Within four years after the first discovery of gold, in 1847, at Sut- 
ter’s mill, El Dorado County, a geological survey of the State was 
organized, with Dr. John B. Trask as its director; his preliminary 
report was made in 1851, and four annual reports were issued in the 
years 1853 to 1856 inclusive. These dealt principally with the Sierra 
Nevada and Coast Ranges, with especial reference to gold. Work was 
then suspended for several years, until the organization of the Second 
Geological Survey, in 1861, under Prof. J. D. Whitney. This was 
begun and carried out on a noble and comprehensive scale, until the 
unfortunate stoppage of appropriations for it in 1874. The work of 
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Professor Whitney and the eminent scientific experts associated with 
him was thus suddenly broken off. Portions of the work, that had been 
done and were ready for publication, were subsequently issued elsewhere 
under the auspices of scientific societies. 

After six years, the State Mining Bureau was organized by the Legis- 
lature in 1880, and has been maintained from that time, with a great 
amount of excellent and valuable work by many able men. The office of 
State Mineralogist was created, and Mr. Henry G. Hanks was appointed; 
he held the position from 1880 to 1886, and gave a very important 
impetus to mining and mineralogical interests. His reports are full of 
valuable material. He was followed in succession by \\ illiam Irelan, Jr., 
1886-1893; J. J. Crawford, 1893-1897; A. S. Cooper, 1897-1901; and 
the present State Mineralogist, Lewis E. Aubury, from that time on. 
The Bureau now occupies a large and impressive building in San Fran- 
cisco, and has gathered extensive collections of the minerals of the 
State, as well as of general mineralogy for comparative study. 

Among those who have dealt particularly with the regions, or the 
topics, considered in the present report, in distinction from the 
mining of gold and other metallic productions, which have naturally 
held the first place in the work that has been done, reference may be 
made to the following persons; The earliest list of minerals of the State 
was prepared by Prof. William P. Blake, and published in the second 
report of the State Mining Bureau, 1882 (appendix) ; this was followed 
by other lists based upon it and adding to it, by Mr. Henry G. Hanks, 
published in his fourth and sixth reports, 1884 and 1886. These lists 
are quite full, and contain many valuable notes on the peculiarities of 
the minerals at the localities described. 

With special regard to the finding of diamonds in the State, numer- 
ous articles have appeared, from an early date, in the American 
Journal of Science, the proceedings of the California Academi of Sci- 
ences, the Mining and Scientific Press, and other publications of various 
kinds; these will be referred to in the section upon diamond occurrence, 
later. The Rev. C. S. Lyman was the first to describe a California 
diamond, in 1848; and Prof. Benjamin Silliman published several early 
accounts. In 1854, Dr. Melville Attwood, an important contributor to 
the geological study of the State, and author of valuable papers pub- 
lished by the State Mining Bureau, called public attention to the occa- 
sional presence of diamonds in the gold gravels, and the possibility of 
further discoveries. In 1871, Prof. W. A. Goodyear published a refer- 
ence to the subject in Prof. R. M . Raymonds volume on Mineial 
Resources West of the Rocky Mountains.” A full account of all 
the discoveries up to date was given by Mr. Hanks in his second 
report of the State Mining Bureau for 1882, with comparisons between 
the California occurrences and those in other parts of the world ; and 
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this was supplemented in liis reports for 1884 and 1886. The last and 
most comprehensive article on this subject was that of Mr. J. W. Turner, 
in 1899 (“Diamonds in California ”), published in the American Geol- 
ogist, Yol. XXIII, in which all the occurrences are given, up to 
that time. 

The geology of the granitic region of the southwestern section of the 
State, spoken of formerly as San Diego County, but including also what 
is now the County of Riverside — the region which is principally treated 
of in this report, on account of its recent very notable development as 
a gem country — has attracted more or less attention from an early 
period, and has been described partially and briefly by a number of 
observers. Prof. J. D. Whitney, as will be shown further on, recognized 
some of its leading geographical features in his first volume on the 
Geology of California, published in 1865. Prof. Rossiter W. Raymond, 
in his report for 1872, on “Statistics of Mines and Mining West of the 
Rocky Mountains,” devotes a chapter to San Diego County and its 
early gold developments, based largely on the studies of Mr. C. A. 
Lockhardt, who examined and reported upon it in 1870. Prof. W. A. 
Goodyear, who is cited herein, later, traveled over portions of the 
region in 1872, and described it very vividly and clearly, although his 
observations did not appear for several years. Mr. H. G. Hanks, in 
his sixth report, 1886, gave an account of San Diego County and its 
mineral resources, with a large and valuable map. Professor Goodyear’s 
observations, above noted, appeared in the ninth report, issued by 
Mr. I r elan, in 1889. 

In the Proceedings of the California Academy of Sciences for 1888, 
Mr. Waldemar Lindgren published a series of “Notes on the Geology 
of Baja California” (2d series, Vol. I, p. 173), with a profile from San 
Diego to the Colorado Desert, A number of papers and articles on this 
region have appeared since 1890, among which the following may be 
mentioned : Relation of the metamorphic and granitic rocks of the 
Sierra Nevada and Coast Ranges; H. W. Fairbanks; Amer. Geologist, 
Vol. XI. 1893, p. 69 ; — Geological sketch of Lower California ; S. F. 
Emmons and G. P. Merrill ; Bull. Geol. Society of America, Vol. V, 
1894, p. 489; — Geology of San Diego County; H. W. Fairbanks; West 
American Scientist, Yol. X, 1901, p. 86;— and several articles by Mr. 
C. P. Orcutt on Mines and Minerals of San Diego County (the same, 
Vol. Ill, p. 69) and on the Colorado Desert (the same, Vol. VII, 1890, 
p. 55, and Vol. XII, 1901, p. 102), and previously in the Tenth Report of 
the State Mining Bureau, 1890. 

These and all other reports, articles, and publications of whatever 
kind on California geology, may be found recorded in accurate detail, 
and often with valuable notes on any special features, in the admirably 
careful and systematic bibliography of the subject prepared for the 
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State Mining Bureau by Brigadier-General Anthony W. Vogdes, L. S. 
Engineers, and published by the State Mining Bureau as Bulletin No. 30* 

It remains to speak more particularly of those who have personally 
contributed, directly or indirectly, to the data concerning gem-minerals 
especially dealt with in this report, whether as workers in the field 
of actual discovery and development, or as collectors and students, or 
as correspondents furnishing valuable facts. In many cases, they have 
combined some or all of these relations, and it is a pleasure to recognize 
their services in any of these departments. 

Mr. Melville Attwood, F.G.S., a careful worker, a microscopist as 
well as a mineralogist, first really called the attention of the world to 
the finding of diamonds in the hydraulic gold washings of California, 
in 1854. He is said to have been the first also to have identified the 
silver ores in the great Comstock lode. He was a mining geologist of 
recognized ability, and contributed important papers to the reports of 
the State Mining Bureau, especially that on the milling of gold quartz 
(Second Report, 1882) and on the lithology of wall rocks (Eighth 
Report, 1888). 

Mr. Henry G. Hanks, the first State Mineralogist of California, had 
much to do with the development of many of the mineral localities, 
and his admirable reports and scientific papers kept the world well 
informed of the progress of mineralogy and mining in the great Golden 
State. His lists of minerals have been already referred to; while, per- 
haps, his most prominent special work was that on the borax deposits, 
published in the third report of the State Mining Bureau (1883). 

Under his successors, the scientific work of the Bureau has been 
worthily carried on, and the collections increased to their present noble 
extent. 

Among the earlier students and writers, the names of Prof. William 
P. Blake and Prof. Benjamin Silliman, Jr., are not to be overlooked. 
The former prepared the earliest list of rare California minerals, for 
the second report of the State Mining Bureau, in 1882, besides numer- 
ous articles in scientific journals; and the latter was associated with 
Professor Whitney and Mr. Hanks, as far back as 186/, in the cele- 
brated presentation and discussion of diamonds from the gold gravels, 
before the California Academy of Sciences. 

Since 1878, Mr. Charles Russell Orcutt, of San Diego, Cal., editor of 
the West Side Scientist — a modest publication that has yet done more 
than any other concerning the flora of Lower California — from time to 
time made excursions for plants, especially cacti, and during these 
trips collected mineral specimens which he sent to the author for deter- 
mination. His was the first information received of the great lepido- 
lite mine at Pala, and several of the other gem-producing localities in 
southern California. He has also published important papers in the 
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reports of the State Mining Bureau, especially on the mineralogy and 
geology of the Colorado Desert (Tenth Report, 1890) and in the Min- 
ing and Scientific Press for the same year (Vol. VII). 

Mr. Henry S. Durden, for many years curator of the collection of the 
State Mining Bureau, has repeatedly sent the writer information con- 
cerning the occurrence of precious stones in California, using great 
care and discrimination in transmitting such announcements. 

Mr. Max Braverman, an ardent and careful collector of minerals, 
residing at Visalia, Cal., has for a long time been contributing valua- 
ble information concerning the finding of the topazolite, chrysoprase, 
hyalite, and various other minerals of his own vicinity and region; and 
recently, with a public spirit and generosity worthy of the highest 
citizenship, he has presented his collection, the work of many years, to 
the Golden Gate Museum at San Francisco, when lie had received offers 
for its purchase from institutions in other States. 

Mr. Dwight Whiting, formerly of Boston, has long been interested in 
securing information about gem localities in California, and since 1893 
has furnished many new and valuable facts, which have been recorded 
in the writer’s annual reports on the Production of Precious Stones. 

With regard particularly to the remarkable discoveries of gem- 
minerals in the last few years, in San Diego County : — 

Mr. Fred M. Sickler and his father, M. M. Sickler, of Pala, have for 
many years been interested in the subject of mineral development in 
southern California, and it was Fred M. Sickler who first sent to the 
writer a mineral which the California lapidaries did not recognize, and 
had been unable to cut, owing to a peculiar cleavage. This mineral, 
when it reached New York, was identified by the author as a form of 
spodumene, and was subsequently given the new name of kunzite by 
Dr. Charles Baskerville. The Messrs. Sickler have, since that time, 
paid much attention to the development of mining properties in the 
Pala region, have located a number of claims, and have contributed 
many descriptive letters, which have materially aided in the preparation 
of this State report. 

Two Basque Frenchmen, Bernardo Heriart (after whom Heriart 
Mountain is named) and Pedro Peiletch, have been most careful pros- 
pectors, and have assisted in the locating of a number of claims, in the 
same region, of kunzite and other gem-minerals, including the great 
Pala Chief mine, of which they were apparently the first discoverers. 

It was Frank A. Salmons, now County Clerk of San Diego County, 
who thoroughly developed the Pala Chief mine, in which have been 
found the greatest deposits of the gem-spodumene and rubellite in that 
vicinity. To him is due the credit of having sent the finest specimens 
of these minerals from California that had yet been seen. 

Dr. W. T. Schaller, a graduate of the University of California, visited 
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the gem regions of San Diego County in the summer of 1903, during 
the preparation of his thesis on spodumene, which ay as published by 
the University of California. He also visited the State in June and 
July of 1904, in behalf of the Department of Mining Statistics of the 
U. S. Geological Survey, to study the deposits of lithia minerals for a 
bulletin to be issued by the Survey. The results of this investigation 
will be published later. 

The writer himself went to California in 1890, in the interest of the 
Eleventh United States Census, and while there visited a number of 
the localities and local collections. He also published all the information 
that could be obtained upon: the subject of California precious stones in 
his volume on “Gems and Precious Stones of North America,” issued 
in New York in 1889, and the tAvo appendices to it in 1890 and 1892; 
and also annually in the reports of the Department of Mining Statistics 
of the U. S. Geological Survey, which have appeared from 1882 up to 
the current year (1905). 

With special reference to this report on California gems herewith 
presented to the State Mineralogist, Mr. Aubury, Mr. W. H. Trenchard, 
of San Diego, has lately visited nearly all the localities of precious stones 
in the southern portion of the State, making measurements, obtaining 
facts, collecting specimens, and securing photographs, many of Avhich 
are printed herein. 

To Mr. Samuel G. Ingle, of San Diego, the author feels under great 
obligation for information, specimens and photographs, which he has 
sent from time to time, and which have assisted in presenting many of 
the facts contained herein; also to Mr. H. C. Gordon, who, as a very care- 
ful and observant correspondent, has furnished numerous data, together 
Avith many specimens of the gem-minerals and their associations, 
as well as photographs of localities, several of Avhich are reproduced in 
the folloAving pages. 

Thanks are due to the Hon. L. E. Aubury, at whose suggestion this 
precious-stone report was made, and under Avhose direction the list of 
minerals in the State Mining Bureau Avas prepared, for his continued 
courtesy in furnishing information, photographs, and assistance through- 
out the entire preparation of this work. 

In regard to the future of precious-stone mining in southern Califor- 
nia, although the great diamond output of to-day is not adequate for 
the world’s demand, it Avill require possibly a change of fashion or neAV 
adaptability of materials to consume all the semi-precious stones that 
are likely to develop if mining is continued in this line Avith much 
more energy. California as a tourist’s resort has the advantage over 
many other places in being an attractive country, draAving many thou- 
sands of strangers, who are generally more or less affluent; and if the 
precious stones themselves are handsomely or quaintly cut, and are in 
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all instances what they are represented to be, there is likely to be a 
large demand created in this way. Unfortunately, at other places 
in the United States, foreign or artificial minerals have been sub- 
stituted for native material. If the smoky quartz, lepidolite, and like 
minerals were worked up into desk weights, seals, charms, etc., a great 
quantity could also be sold not only in California, but elsewhere. It 
was the development of an industry like this in the Ural Mountains of 
Russia, brought about by Catherine II. sending two lapidaries to that 
region, that led to the employment of fully one thousand people in the 
Ural district. As the chrysoprase, the turquoise, and the tourmaline of 
California, when not of fine gem quality, have been cut into crude beads 
of East Indian type, into small forms of mosaic work, and the like, a 
large quantity of this material has found a definite market in Europe as 
well as in the United States, that otherwise would have been a loss in 
mining. The development of proper lapidary interests of this kind will 
surely do much to sustain the mining of gems in California and add 
appreciably to the wealth of the gem regions. 

THE PROPERTIES OF GEMS. 

It is difficult to define to-day what is meant by “ a precious stone,” 
for the mineralogist would give one definition, the jeweler another, 
the archaeologist still a different one, while the scientific collector and 
the gatherer of curios and souvenirs would not agree with any of the 
others. A gem-mineral or a “ precious stone” may be defined as a 
mineral of any sort, distinguished for its beauty, durability, or rarity, 
especially when cut and polished. There are only a few really precious 
stones: the diamond, the ruby and sapphire (identical in conqiosition), 
the emerald, and occasionally the pearl (which is of animal origin) 
is included; formerly also the opal. 

Some twenty years ago jewelers sold only a few varieties of stones; 
to-day they keep in stock anything known to the mineralogist and 
demanded by the public. The consumption of gems is larger than 
most people realize. Take one trade alone, for example. The watches 
manufactured annually in the United States use from seven to twenty- 
one jewels for each watch. The consumption annually amounts to over 
five million ruby and sapphire watch-jewels, and over seven million 
garnet jewels; while over 15,000 carats of bort diamonds are consumed 
in cutting these jewels. 

In looking for gems, the prospector should be provided with a few 
specimens representing the scale of hardness, and have the means in 
camp to determine the specific gravity. In this way he can separate 
the positively worthless from the possibly valuable, even though he can 
not fully identify the minerals. 

3 — MB 
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A large number of the many varieties of precious and semi-precious 
stones and rare minerals are found in California, and systematic search 
will increase the production until California takes high rank as a gem 
State. In 1901, California produced quartz crystal to the value of 
$17,500; tourmaline to the value of $20,000; and turquoise, over $20,000; 
the lepidolite amounted to $27,500; gold quartz, etc., over $50,000; 
mother-of-pearl and pearls, over $15,000; and souvenir material, proba- 
ably over $20,000. The grand total amounted to nearly $175,000. In 
190*3 kunzite was produced to a value of $20,000; tourmaline, $20,000; 
chrvsoprase, $15,000; turquoise, $40,000. 

Color.— The color of many gems is variable; the sapphire blue, the 
ruby red— both varieties of the one species of corundum. The garnet 
is popularly supposed to be a blood-red or purplish-red stone, but it 
varies through red of several shades to brown, black, green, yellow 
and nearly white; the tourmaline, green, red, pink, yellow, white; the 
topaz, yellow, white, and blue. 

Diaphaneity. — The ability to transmit light affects materially both 
the beauty and the value. A stone is transparent when the outline of 
an object is clearly seen through it; subtransparent, when the object 
may be seen, but the outline is indistinct; translucent, when light is 
transmitted, but objects are not seen; sub translucent, when merely 
the edges are translucent; opaque, when no light is transmitted. 

Luster. — Luster is the manner of reflecting light. It is described as 
metallic luster, or the brilliant appearance of polished metal; adaman- 
tine, the luster of the diamond; vitreous, the luster of glass; resinous, 
like the surface of pine resin; waxy, like beeswax; greasy, like a 
freshly oiled surface; pearly, like mother-of-pearl; silky, having the 
sheen of silk. 

Refraction. — The apparent breaking of a spoon when immersed in a 
tumbler of water is a familiar illustration of the bending back or refrac- 
tion of light. A line seen through Iceland spar appears double ; diamond, 
garnet, and all minerals crystallizing in the isometric system are single 
refracting. All minerals belonging to other systems of crystallization, 
like the ruby and topaz, are double refracting. 

Dispersion. — When a ray of light passes through a prism of flint 
class, it gives the spectrum or rainbow band. Refracted rays of white 
light may be decomposed into several rays differently colored. This 
is called dispersion, and gives “fire” to gems, notably in diamonds and 
zircons. 

Pleochroism. — Double refracting minerals show a variation in color 
by transmitted light, when viewed in different directions, due to the 
differential absorption of the white light. Tourmaline, andalusite, 
iolite, chrysoberyl, and epidote are good examples. 
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Fluorescence and Phosphorescence. — Some gems, when exposed to 
n powerful light, or when heated, will emit light. If this emission of 
light lasts only as long as the exciting agent is applied, it is called 
fluorescence ; whereas, if the emission persists after the removal of the 
cause, it is called phosphorescence. 

Hardness. — The degree of resistance to abrasion. This property is 
most essential to gems, if they are to receive and retain a high degree 
of polish and stand long use. Hardness is not the same as toughness. 
The diamond is very hard, but not tough — in fact, it is very brittle, 
easily broken by a blow. 



Should the gem . scratch {note: quartz will scratch feldspar) and be 
scratched by any unit of the scale, the hardness of the two is the same; 
should the gem scratch the one below, and be scratched by the one 
above, its hardness lies between that of the two test units. 

Specific Gravity. — This is the density of the gem, compared with 
that of its own volume of distilled water at a temperature of 39° F. 
Weigh in the air, then in water; divide the weight in the air by the loss 
of weight in water, and the quotient is the specific gravity. For exam- 
ple. a gem weighs 4 grams in air, and only 3 when immersed in water; 
then the loss of weight is 1, and 4 divided by 1 gives the specific gravity 
of 4. The specific gravity test is one of the most definite means of 
identifying a gem. 

Electricity. — Some gems become electrified by friction, and as a result 
attract or repel certain substances. This is especially noticeable in 
topaz, tourmaline, and amber. 

Fusion. — Some gems will melt easily before the blowpipe, as some 
varieties of garnet, kunzite, etc.; while others are infusible, like quartz, 
topaz, etc. 

Cleavage. — The tendency to break in a direction parallel to certain 
planes in the crystal, the resulting cleavage faces being smooth and 
often very brilliant. 

Fracture. — When the mineral is broken in any other direction than 
that of the cleavage. The fracture may be conchoidal, uneven, or 
irregular, resembling a shell, even when the surface, though not a plane, 
approximates to one; or hackly, when the elevations are jagged. 



Scale of Hardness, 



1. Talc (lowest). 



(j. Ortlioclase. 

7. Quartz. 

8. Topaz. 

9. Corundum. 

.10. Diamond (highest). 



2. Gypsum. 
8. Calcite. 

4. Fluorite, 
f). Apatite. 
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Form. — The external form of gem-minerals may be: 

1. Crystallized, in solids bound by plane surfaces, according to the 
following systems: 

Isometric — cube, octahedron, dodecahedron; 

Tetragonal — square prism, square octahedron; 

Hexagonal — hexagonal prisms and pyramids, rhombohedrons; 

Orthorhombic — right prism with rhombic base, rhombic octahedron; 

Monoclinic— oblique prism with a rectangular base, and oblique octa- 
hedron; 

Triclinic — doubly oblique prism, and doubly oblique octahedron or 
pyramid. 

2. Crystalline, when the mass appears to be made up of closely com- 
pacted minute crystals, which may be arranged as columnar, lamellar, 
granular, globular, botryoidal, reniform, dendritic, etc., in varieties too 
numerous to be mentioned here. 

3. Amorphous, showing neither external nor internal signs of crystal- 
lization and possessing no absolutely plane surfaces. 

DIAMOND. 

H _ 10 . G— 3.52. The hardest of all gems; the only combustible 
one; the most highly refractive, surpassing all others in its “lire''; 
crystallizing usually in octahedrons, or combinations of octahedron, 
cube, dodecahedron, and tetrahedron, the faces being commonly curved. 
Colors embrace nearly all of the prismatic hues; white, yellow, and 
brown are the most numerous, blue, green, pink, and red stones are 
rare. The perfectly white stones without a flaw, or those of decided 
tints of red, rose, green, or blue, are most highly prized. Fine cinnamon, 
salmon, brown, black, or yellow are much esteemed. They are sold 
by the carat; the international carat weighs 205 milligrams, or 3.168 + 
grains troy. 

This stone is the purest, hardest, and most brilliant of all gems. 

The occasional discovery of diamonds within the limits of the XJ nited 
States, although at widely separated points, and rarely of valuable 
quality or size, is yet a matter of very considerable interest. 

The various points at which diamonds have been found may be 
grouped into four areas or regions, as follows: 

1. The Pacific coast— a number of localities in California, chiefly 
along the western base of the Sierra Nevada; with these may perhaps be 
included provisionally, a few occurrences in Oregon, Idaho, and 
Montana. 

2. The region of the great lakes — along an irregular line extending 
from western Wisconsin, across Michigan and Indiana to the vicinitc 
of Cincinnati, Ohio — this line being essentially that of the terminal 
moraine of the later ice-sheet of Quaternary geological time. 
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3. A few localities in central Kentucky and eastern Tennessee, the 
relations of which are not entirely clear as to their geological connection. 

4. The Atlantic coast — a number of points in North Carolina, and a 
few in Virginia, Georgia, and Alabama, lying in a general way along 
the eastern base of the Appalachian Mountains, some quite among them 
and others farther removed toward the east. 

The occurrence of diamonds in California, both in the recent placer 
deposits and in the auriferous gravels of the ancient stream-beds now 
covered by lava, has been known for many years, and a number of 
localities are on record. No large diamonds have been found, at any 
time; and now that almost all the gold mining is carried on by means 
of stamp-mills, any that do occur are crushed into minute fragments, 
which are not infrequently found in the sluices and batteries, and 
furnish the evidence, and often all the evidence, of their continued 
occurrence. 

Many notices have from time to time appeared, both in local news- 
papers and in scientific journals, of the finding of diamonds in Cali- 
fornia. After making due allowance for errors and unfounded rumors, 
their actual occurrence in certain localities is well established; but their 
number and size have not been such as to render the search for them 
profitable. The fact of their presence is highly interesting, and some 
of the specimens possess both elegance and value; but as a rule they 
are small and rare. In almost all cases they occur embedded in the 
auriferous gravels, and are thence washed out in the search for gold. 
These gold-bearing gravels of California present two types: first, as 
loose material in the valleys and bars of the modern streams; and, 
second, as great accumulations of gravel occupying the valleys of 
much larger ancient streams, and now covered with masses of lava or 
compact volcanic tufa. The sides of the Sierra Nevada are trenched 
with cross valleys running down into the great trough-like valley of cen- 
tral California, between the Sierra on the east and the Coast Range on 
the west. Along this great depression, the drainage from the moun- 
tains on both sides finds its way to the sea through the Sacramento and 
San .Joaquin rivers, flowing respectively from the north and from the 
south into the Bay of San Francisco, where a break in the Coast Range, 
at the Golden Gate, allows a passage to the ocean. In the northern 
part of the State, where the streams from the Sierra run down to the 
Sacramento, this remarkable system of “ buried river gravels” is found. 
In and before the Tertiary period of geology, these streams had worn val- 
leys on the slopes of the Sierra, and made extensive deposits of gravel, by 
the erosion of the mountain-sides. Then came a period, or a succes- 
sion, of volcanic disturbances and outflows, which made the great 
“ lava beds ” of northern California and Oregon. In many cases the 
lava flowed down and filled up the river-beds from side to side, covering 





38 



GEMS, JEWELERS’ MATERIALS, ETC., OF CALIFORNIA. 

the gravel deposits deeply, and often hardening and compacting them. 
When it had cooled sufficiently for normal conditions to be at all 
resumed, the drainage of the Sierra had to make its way by new lines. 
These were usually along the edges of the old valleys, on the top of the 
lava filling, at its junction with the sides of the former valleys. In the 
time that has since elapsed, these new valleys have been cut down 
deeper than the previous ones, at the expense of the intervening old 
divides; and the present condition is that the eastern affluents of the 
Sacramento are separated frequently by spurs running out from the 
Sierra, which consist at their top of the old gravels, more or less 
compacted, with a heavy protecting cap of lava or tufa. These old 
“sub-lava” gravel# are those worked by the hydraulic process, or when 
consolidated into the so-called “cement” beds, by stamp-mills— all of 
them being gold-bearing and in some cases diamond-bearing. Ihe 
surface gravels of the earlier prospecting and panning days are of 
course the work of the modern streams; they carry the placer gold, and 
occasionally a few diamonds. 

There are some points in these occurrences that recall, at liibt bight, 
the diamond mines of Brazil and South Africa. 

In Brazil the matrix is also a gravel, and is frequently cemented into 
a conglomerate (“cascalho”) by oxide of iron. In Africa the diamond 
gravels contain associated minerals similar to those found in some of 
the California placers, notably in those of Butte County, where zircons, 
garnets, and rutile are met with. But these are not important rela- 
tions, and afford no ground for assuming either a similar richness of 
yield or an identity of geological origin. 

The earliest notice of a California diamond appeared very soon after 
the discovery of gold. It was published in the American Journal of 
Science, September, 1849 (II, vol. 8, p. 294), and relates how a clergy- 
man from New England, the Bev. Mr. Lyman, had been shown an 
unmistakable diamond-crystal, of pale straw color, with convex faces, 
about the size of a small pea. He only saw it briefly, and the circum- 
stances of its discovery, the exact locality, and what became of it are 
not known. In 1853 the first diamond was obtained from the Cherokee 
district, in Butte County, which has since been one of the principal 
localities. In 1854, Mr. Melville Attwood published an article^ in a 
newspaper, pointing out certain resemblances between the California 
deposits and the diamond gravels of Brazil, where he had long resided, 
and advising that search be made and care exercised, in view of the 
possible or probable occurrence of diamonds in the California gold- 
washings. From that time on, diamonds have been found at many 
points; though a far larger number of them have been lost or de- 
stroyed — either swept away by the violent current of the hydraulic 
mining, and buried in masses of debris, or crushed into fragments by 
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stamp-mills. In 1867, Prof. Benjamin Silliman, Jr., exhibited several 
diamonds before the California Academy of Sciences, including one 
from the Cherokee district above noted, one from Fiddletown. near 
Volcano, in Amador County, another from El Dorado County, and 
still another from French Corral, Nevada County— most of them from 
the hard “cement”' beds underlying the lava- Hows. At the same 
meeting. Prof. J. D. Whitney enumerated some fifteen or twenty 
localities in the State that had yielded diamonds, adding that the 
largest stone he had seen was 7 4 carats; most of them being quite small. 

The total number of California diamonds must now be quite con- 
siderable. Mr. II. W. Turner, of Washington, D. C., has recently 
summed up the facts in an article on “ The Occurrence and Origin of 
Diamonds in California,” published in the American Geologist. Vol. 
XXIII, March, 1899, pp. 182-191. He quotes from Prof. J. D. Whitney, 
and more recently from Mr. Henry G. Hanks, formerly State Geolo- 
gist, who paid much attention to this subject, and gives a list of 
localities compiled from these two authorities. This list includes six 
counties, to which have since been added two others, Plumas and 
Tulare. These counties are (in geographical order) as follows: Del 

Norte, Trinity, Plumas, Butte, Nevada, El Dorado, Amador, and Tulare; 
making eight in all. Of these, Del Norte and Trinity stand apart, in 
the northwestern portion of the State, with streams flowing from the 
Coast Range into the Pacific; they have yielded only minute diamonds, 
in the sands of Smith River and Trinity River respectively. Tulare 
County, belonging in the San Joaquin section of the great California 
valley, is represented so far only by a single diamond, from Alpine 
Creek. The other five are all in the region drained by the Sacramento, 
as above described. El Dorado, Butte, and Amador have yielded the 
greatest number, and Nevada the largest stone that of 7J carats, 
referred to by Professor Whitney— but only one or two others. Plumas 
County lias two localities, Gopher Hill and Upper Spanish Creek, where 
a few small diamonds have been found in sands rich in heavy mineials, 
as in Trinity and Del Norte. The other three counties above named 
have furnished most of the diamonds of California. Amador contains 
the Volcano district, whence a number have come, among them one 
of the largest, a pale straw-colored crystal, weighing 255 milligrams 
(I 5 carats). Butte County includes the famous Cherokee district, where 
sixtv or more have been found; also \ankee llill and Oroville, each of 
which has yielded several. El Dorado County has five or six localities 
near Placerville. Mr. Turner quotes Mr. George V . Kimble, of that 
place, as saying that most of the El Dorado specimens have come from 
“a point a little south of Smith’s Flat and White Rock Canon, in 
Neocene river-gravels; Webber Hill, in the same neighborhood, has also 
yielded several. From their geographical position, it would seem that 
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similar diamond occurrences might be naturally expected in the 
counties of Yuba, Sierra, and Placer. 

Comparing the South African occurrence of diamonds, in a serpen- 
tinous rock apparently derived from the alteration of a peridotite, Mr. 
Turner notes the fact that on the maps of the gold-belt, prepared by the 
U. S. Geological Survey, serpentine masses are indicated in the vicinity 
of all the above-named localities; he also cites Mr. Kimble, of Placer- 
ville, as stating that serpentine pebbles are frequent in the diamond- 
bearing gravels near that place, the rock itself outcropping four or five 
miles to the east. Mr. Turner suggests the examination of the gulches 
lying in these serpentine outcrops, as of interest and possible impor- 
tance, with reference to the source whence the diamonds have actually 
come. This is as yet unknown; and though the African rock resembles 
a peridotite, or its decomposed and serpentinized product, yet this is by 
no means the only rock in which diamonds may occur. Those of Brazil, 
according to Prof. 0. A. Derby’s recent studies, are from rocks that are 
apparently metamorphic in origin, rather than igneous; and the whole 
problem awaits the results of further study. 

Taking up the actual discoveries somewhat more in detail, and dating 
from the meeting of the California Academy of Sciences in 1867, before 
referred to, when Prof. Benjamin Silliman, Jr., and Prof. J. D. Whitney 
presented the subject fully, the principal facts are as follows, arranged 
(1) by counties, and in these (2) in order of time. 

Amador County. — Of the several diamonds exhibited by Professor 
Silliman on the occasion mentioned,* one specimen, a little over 1 carat 
(3.6 grains) in weight, was from Indian Gulch, near Fiddletown; and 
four others from the same region were at that time known. These 
stones occurred in a compact volcanic ash or tufa, forming a gray 
“cement-gravel.” At Volcano the rock is similar, and some sixty or 
seventy diamonds have been reported thus far. This is one of the 
places where the cement-rock is worked by stamping, and the tailings 
show pulverized diamonds. The crushed gravel pays well in gold; and 
it has not been thought desirable to change the present method and 
break up the rock in other ways more costly and troublesome, in 
order to save the diamonds that it may contain. In August, 1887, Mr. 
Hanks exhibited before the San Francisco Microscopical Society a 
beautiful stone of 1.57 carat (4.97 grains) weight, found at Volcano in 
1882, belonging to J. Z. Davis, a member of the society, and now in 
the museum of the State Mining Bureau. It is a modified octahedron, 
about i% inch in diameter, transparent and nearly colorless, though 
slightly flawed. The curvature of the faces gives the crystal a sub- 
spherical form, but the edges of the pyramids are channels instead of 
planes. Closer examination shows that the channeled edges, the convex 



*Proc. Cal. Acad. Sci., Yol. Ill, p. 354. 
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faces, and the solid angles are caused by an apparently secondary 
building up of the faces of a perfect octahedron; and for the same 
reason the girdle is not a perfect square, but has a somewhat circular 
form. These observations were well shown by enlarged drawings. 
The faces seem to be composed of thin plates overlying each other, 
each slightly smaller than the last. These plates are triangular, but 
the lines forming the triangles are curved, and the edges of the plates 
are beveled. Mr. Hanks remarked that under the microscope and by 
drawings exhibited it could be seen that each triangular plate was 
composed of three smaller triangles and that all the lines were slightly 
curved. The building up of plate upon plate caused the channeled 
edges and the somewhat globular form of this exquisite crystal. A 
close examination revealed tetrahedral impressions, as if the corners of 
minute cubes had been imprinted on the surface of the crystal while in 




ILL. No. 7. Diamond, natural 
crystal, found at Volcano, 
Amador County. 




ILL. No. 8. Rough diamond, 
found in Spring Valley 
Hydraulic Mine, Cherokee 
Flat, Butte County. 



a plastic state. These are the result of the law of crystallization, as 
was shown by the faint lines forming a lace-work of tiny triangles on 
the faces when the stone was placed in a proper light. Mr. Hanks 
concluded with the remark that it would be an act of vandalism to cut 
this beautiful crystal, which is doubly a gem, and he protested against 
its being destroyed by contact with the lapidary’s wheel. Four small 
octahedral crystals taken from stamps at the Volcano locality were 
shown in the Tiffany collection of American precious stones at the 
Paris Exposition of 1889, and are now in the Tiffany-Morgan collection, 
at the American Museum of Natural History, New York City. 

Butte County.- -The Cherokee district, in this county, has been, 
from as early a date as 1853, one of the most prolific diamond local- 
ities in the vState. Cherokee is near the North Fork of Feather River, 
and the geological relations of the diamonds and gold are essentially 
the same as those in Amador County, a hundred miles to the south- 
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east, both districts lying among the western foothills of the Sierra, as 
previously described. Mr. Hanks called attention to included leaf 
impressions in the volcanic beds, as proving them to lie tufas and not 
lavas. In number, the Cherokee diamonds obtained are about equal 
to those from Volcano. One was shown by Professor Silliman, on the 
occasion already mentioned, in 1867; and others were then known 
from that locality. William Brandreth obtained a crystal in the same 
year, which he afterwards had cut into a fine white stone of lf\ 
carats. In 1873 several were obtained from the ground of the Spring 
Valley and Cherokee Mining Company, in cleaning up the sluices. 
One of these was described as large and straw-colored, while others 
were smaller, but very pure. Various stones, white, yellow, and pink, 
have from time to time been reported, and some have been cut and set. 
A tine crystal was presented to the State Museum by Air. Williams, 
superintendent of the Spring Valley Mining Company. Two others, 
found at the same place in the summer of 1881, by Lucinda Voiglit, 
were shown by the present writer before the New York Academy of 
Sciences, January 12, 1886. Mr. H. S. Durden, of the California State 
Mining Bureau, reports that two small diamonds were obtained at 
Cherokee in 1892 and 1893, one of them weighing two carats. 

Professor Silliman made the concentrations from the sluices of these 
Cherokee mines the subject of minute investigation, the results of which 
were published in two papers.* In the first he described his treatment 
of the material, both chemical and mechanical; and in the second he 
gives additional particulars, with results. He found here the following 
association of interesting minerals: — light-colored zircons, crystals of 
topaz, fragments of quartz, rutile, epidote, pyrite, and limonite, with 
some platinum, iridium, iridosmine, and gold, and a large quantity of 
black grains, which are proved by the magnet to consist about equally 
of chromite and titanite. At first he could find but little of the platinum 
and iridosmine, but this was due, as above stated, to the force of the 
hydraulic streams, which sweep away all small particles that do not 
amalgamate. 

Air. Hanks adds that platinum minerals have been found rather 
abundantly in Butte County. At St. Clair Flat, near Pentz, they were 
found in quantity in the early days of placer-mining. They are found 
also at the Corbier mine, near Magalia (Dogtown). As far back as 
1861 a diamond was found one and a half miles northwest of Yankee 
Hill, in cleaning up a placer mine. It was taken from the sluice with 
the gold, and sold to X. H. Wells, to whom I am indebted for this infor- 
mation. He presented the gem to John Bid well of Chico, who had it 
cut in Boston. It made a stone of 1^ carats (4.75 grains). Mr. Bidwell 
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gave it to his wife, who for years wore it in a ring. 1 his was the only 
diamond found at this locality. 

In 1895 Mr. Dwight Whiting reported the finding of five small 
diamonds near Oroville, on Feather River, and as many more about 
four miles from the head of the creek, suggesting a peridotite origin. 

El Dorado County. — Here a number of diamonds have been found 
at certain points. In 1867 Professor Billiinan, at the meeting of the 
California Academy of Sciences, before mentioned, showed a crystal of 
1-J carats (4.75 grains), of good color, though a little defective, from 
Forest Hill. It was found at great depth, in a tunnel run into the 
auriferous gravel. W. P. Carpenter, of Placerville, gave the following 
account of the locality in a letter to Mr. Hanks, in 1882. In 18i 1 ? 
W. A. Goodyear, Assistant State Geologist, while examining the deposits 
of auriferous gravels in the ancient river-bed, about three miles east of 
Placerville, found several specimens of itacolumite, and expressed the 
opinion that diamonds should be found in the gravels. 1 assisted him 
in searching for them, and we found several in the hands of the miners. 
Mr. Goodyear bought one of them as a geological specimen. None of 
the parties who had them knew what they were, but kept them as curi- 
osities. The gravel in the channel is capped with lava from 50 to 450 
feet in depth. Of late years the gravel is worked by stamp gravel mills, 
and I know of instances where fragments of broken diamonds have been 
found in panning out the batteries. 

He goes on to give the particulars of about fifteen diamonds obtained 
at different times in the neighborhood, some yellow and some white. 
One of these was a nearly spherical crystal, over one fourth of an inch 
in diameter, that was sold in San Francisco for $300, and another was 
sent to England to be cut. Subsequently in 1894, Mr. Carpenter 
announced that he had lately obtained two crystals, one weighing over 
7 grains troy and the other 6, of rounded form and rough surface, each 
nearly one fourth of an inch in diameter and faintly tinted, the laigei 
with a greenish shade and the smaller with pale yellowish. As many 
as forty or fifty small diamonds have been taken from the gravel at 
this place from time to time in the past, but since stamp-mills have been 
employed little is found but the crushed fragments encountered in 
“panning up” the amalgam taken from the batteries. Mr. Carpenter 
proposed to work his section of the channel by other means, to avoid 
the possible loss of diamonds of more value than the gold. The occur- 
rence here is described as similar to that of most California diamonds— 
in the hard compacted gold-bearing gravel occupying ancient river 
channels now filled and overlain by igneous rocks* 

In the recently published article of Mr. H. W. Turner ,f elsewhere 

* Sixteenth Ann. Rept. U. S. Geol. Survey (1894), Part IV, p- 

+ The Occurrence and Origin of Diamonds in California; by H. W. Turner. Araer. 
Geologist, Vol. XXIII, March, 189!), pp. 183, 184. 
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referred to, a letter from George W. Kimble, of Placerville, is quoted in 
regard to the diamonds of that vicinity. He states that two more had 
been found on the property of Thomas \\ ard & Co., on the south side 
of White Rock Canon, where the stream cuts through beds of Neocene 
Tertiary, and nine others in the immediate vicinity, chiefly from the 
Unity mine, adjacent to that of the IV ard Company} but no particulars 
are given as to their size or quality. Besides these, Mr. Kimble reports 
a great many fragments of crushed diamonds in the concentrates from 
the gravel mills. Later, 1898, he mentions having examined a diamond 
found within the limits of the town of Placerville, in Cedar Ravine, a 
tributary of Hangtown Creek. The name of Diamond has been given to 
a small railroad station a few miles south of Placerville. 

Nevada County. — Professor Silliman also showed to the California 
Academy of Sciences a very clear and symmetrical crystal from French 
Corral, Nevada County. It was thrown out of the cement-rock of deep 
gold washings, as usual, and weighed If carats (5.11 grains). The 
color was slightly yellowish; but this was perhaps due to its having been 
exposed to a red heat, as a test of its authenticity. Prof. Joseph D. 
Whitney, of Harvard College, stated, at the same meeting, that diamonds 
had been found in some fifteen or twenty localities in the State, and 
that the largest that he had seen was also from French Corral and 
weighed 71 carats. 

In the northwestern counties of California, drained by the Trinity 
River, in the vicinity of Coos Bay, in Oregon, and on the banks of 
Smith River, Del Norte County, diamonds are occasionally found in the 
flumes and sluices. Some small ones are reported from Trinity County ; 
and their mode of occurrence, similar to that of the diamonds of 
Cherokee district and of Oregon, is described in a letter to Dr. Charles 
F. Chandler, of the Columbia College School of Mines, from Prof. Frederick 
Wohler, of Gottingen. He mentions having observed in the grains of 
native platinum from the sands of the Trinity River, Oiegon, minute 
transparent zircons associated with laurite (sulphide of ruthenium and 
osmium), iridosmine, chromic iron, etc., and microscopic rounded cr\ s 
tals which he supposed were diamonds. In a subsequent communica- 
tion, dated Gottingen, August 8, 1869, Professor Wohler continues: 
'“On examination under the microscope, the mineral powder which had 
been freed from platinum, gold, chromic iron (in part), silica, iron and 
tin, and from which the ruthenium, etc., had been removed by aqua 
regia, besides many grains of chromic iron and beautiful hyacinth cia s- 
tals, colorless and transparent grains resembling quartz were observed, 
but besides these, grains resembling rounded diamond crystals were 
detected.” He then describes in full his methods of testing these grains, 
and expresses his conviction that they were true diamonds. 



GEMS, JEWELERS’ MATERIALS, ETC., OF CALIFORNIA. 



45 



CORUNDUM, 

Ruby* Sapphire* 

H. = 9. G. = 3. 9-4.1. Luster, adamantine to vitreous. Colors 
include nearly all of the prismatic hues to colorless. Dichroic. Occa- 
sionally phosphorescent. 

Oxide of aluminum = A1 2 0 3 . 

The transparent corundums rank among the most valuable of gem 
stones, and include two standard varieties, the ruby and the sapphire. 

Rubies are the red-colored corundums; also called Oriental Ruby . 
They vary in hue from a rose to a deep carmine, the choicest shade 
being called “pigeon’s blood” red. 

Sapphire in general includes all colors except red. Accurately speak- 
ing, the name is limited to the blue colors, the choicest shades being 
known as royal blue, velvet blue, and cornflower blue. Oriental 
Emerald is the green variety, ranging from a lively green to a bluish 
green. Oriental Amethyst is the purple or amethystine . These two are 
rare. Oriental Topaz is yellow sapphire, rivaling the yellow diamond 
in brilliancy. Oriental Hyacinth is honey red in tint. Adamantine 
Spar includes the hair-brown varieties. Star Sapphire has a stellated 
opalescence, as has the Star Ruby , which is also known as the Asteria 
or Star-stone. 

The true ruby and sapphire are easily recognized by their hardness, 
as they can be scratched only by the diamond, but scratch all other 
stones. They are also electrified by friction. 

Corundum is associated with dolomite, gneiss, granite, mica, and 
chlorite slate. The gems are usually obtained from placer workings. 

Los Angeles County. — True sapphires have been found in the drift in 
San Francisquito Pass. 

Plumas County is traversed at many points by large dikes of felsite 
and felsite porphyry. This rock was first found by J. A. Edman and 
named plumasite by Lawson. At a point near the western base of the 
serpentines, a large “pipe” of felsite outcrops, and in the soil near it 
are found fragments of feldspar containing corundum crystals, while 
between the serpentine and the felsite dike is a four-foot layer of the 
feldspar containing a few corundum crystals, small veins or strings .of 
corundum ramifying into the feldspathic mass. The largest crystal was 
two inches long by one inch wide, and of a bluish-gray color. (S. M. B. 
15357.) No gem material has yet been found. 

San Bernardino County. — At the east end of the Kingston range. 

San Diego County.- — Mr. W. H. Trenchard reports corundum, in 
opaque gray crystals, at a point some 26 miles east of San Diego, but 
in small amount and undeveloped. 
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TOPAZ. 



H.= 8. G= 3.4 -3.6. Brittle. Has very perfect cleavage (basal) 
transverse to the elongation of the crystals. Luster vitreous. Color 
various shades, yellow to brown, and pale green or blue, but often 
colorless or with a faint tinge of bluish green. Silica, 33.3; alumina, 
56.5; fluorine^ 17.6. 

Usually occurs in rhombic prisms, the crystals more or less pointed. 
The color of some yellow topazes fades on exposure to sunlight, while 
others —especially those from Brazil — change their yellow color to pink 
on heating. 




San Diego County.— Beautiful topazes have lately been found near 

Ramona. Some of the 
crystals are colorless, 
others are bluish or 
greenish. Many are quite 
large and are covered 
with numerous small 
etch-figures. Some crys- 
tals found were over two 
inches long and one inch 
wide. 

The mines that have 
yielded this very inter- 
esting addition to the 
gem-minerals of Califor- 
nia are chiefly those 
known as the Surprise 
and the Little Three, 
adjacent to each other, 
about miles northeast 
of Ramona. The topaz 
occurs in a pegmatite 
ledge, of the kind else- 
(rhore described as characteristic of this region, but not in all parts of 
t, being met with only in certain portions of the vein or dike. At the 
dttle Three mine they occur in pockets in albite and orthoclase with 
[uartz crystals; they are attached to the feldspar, and surrounded with 
i red soil that fills the pockets. Associated with them are dark- 
rreen tourmaline crystals, sometimes very large. The topazes are 
vhite, light yellow, sea-green, and sky-blue, and some crystals are over a 
>ound in weight. 

At the Surprise mine, in the same way, topaz is found only in one 
>art of the workings, and its occurrence is described as quite similar. 



ILL. No. 9. TOPAZ CRYSTAL (NATURAL SIZE), 
R A M 0 X A . S A N D I EG 0 C O U N T Y . 
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In the central part of the pegmatite vein, between the crystallized 
upper portion and the more compact portion below, lies a zone of small 
pockets in feldspar (in this case orthoclase), somewhat decomposed. 
In these are found the topaz crystals, in a sandy filling of granular 
ferruginous quartz. Those near the surface were colorless or white, but 
at a depth of 6 feet they were sky-blue and aquamarine-blue. Some 
50 pounds of them have been taken from a cut 20 feet long and 8 feet 
deep. 

Illustrations Nos. 9 and 10 show crystals of natural size, some of 
them surrounded with the finely crystallized albite, from Ramona. 




ILL. No. 10. TOPAZ CRYSTALS (NATURAL SIZE) OX CRYSTALLIZED ALBITK, RAMONA, 

SAX DIEGO COUNTY. 



SPINEL. 

Spinel is a compound of alumina and magnesia, often with some 
iron, or other metallic oxides in small quantities. It has a hardness of 
8, and when transparent makes a valuable gem-stone, usually of rich 
shades of red, and is then called spinel ruby, or ruby spinel. It has 
not been found much in California, but some crystals of good quality, 
yielding gems weighing up to two carats each, were obtained near San 
Luis Obispo, by Mr. James W. Beath, of Philadelphia, Pa. In the 
collection of the State Mining Bureau there are also crystals of wine- 
colored ruby spinel up to 3 millimeters in diameter, from Humboldt 
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County. Crystals of blue spinel, of about the same size, clear and of 
good color, have lately been obtained sparingly from the Mack mine 
near Rincon, San Diego County. 



BERYL. 

Emerald, Aquamarine, Goshenite, etc. 

H. = 7.5-8, scratching quartz, but scratched by spinel or topaz. 
(; = 2.7. Brittle. Luster vitreous. Colors, emerald green to pale 
green, pale blue, pale yellow, honey, wine, and citron yellow, white to 
a pale rose-red. Silica, 67.0; alumina, 19.0; glucina, 14.0. The crystals 
are usually hexagonal prisms, occasionally very large, but those of fine 
quality or transparency are apt to be small. They are electrified by 
friction. 

The emerald and aquamarine are mineralogically included in the 
species beryl; the differences being mainly in color, as follows: Emerald 
includes the rich green kinds only, and is a highly prized gem when 
free from flaws; Aquamarine includes the beryls showing clear shades 
of sky-blue and sea-green; Goshenite, white or colorless; Davidsonite, 
greenish yellow ; Aeroules, pale sky-blue; Hyacinthozontes, clear sapphire 
blue; Amethiste Basal tine, pale violet or reddish; Chrysolithus, pale 
yellowish green; Golden Beryl, clear bright yellow; Chrysoberyllus, 
greenish yellow to wine-yellow. Occasionally, beryl occurs of a delicate 
pink color. 

A number of localities for beryl are known in California, some yield- 
ing gem material. The pink or rose beryl, hitherto one of the rarest 
varieties of this species, has within a year or two past been found at 
several points in the remarkable mineral region of San Diego and River- 
side counties, sometimes of transparent gem quality, and in a few cases 
of large size, as noted further on. With it, and also separately, are 
found beryls of other kinds— green, yellow, and colorless. At the Mack 
mine at Rincon, San Diego County, near Oak Grove, are also reported 
peculiar beryls of a deep opaque blue. 

It is interesting to note that this pink or rose beryl occurs with the 
pink and lilac spodumene at several California mines, while the beryls 
are rich green when associated with emerald-green spodumene (hid- 
denite) at the remarkable locality at Stony Point, Alexander County, 
North Carolina, and even the muscovite associated with them has some- 
times a green color. That is, the beryls occur there in the form of 
emeralds, the spodumene in the form of hiddenite, and the muscovite 
mica, in a beautiful green tint, evidently all due to some chromium col- 
oring. This latter (muscovite) is unusually interesting when embedded 
in t ransparent quartz, and one can see through the sides of the pi isms. 
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In contrast to this, at several localities in southern California the beryls 
are pink in color, the rubellites deep pink, the spodumene (variety 
kunzite) lilac, and the lepidolite also of pink and lilac tints. 

The most important beryl occurrences in California are the fol- 
lowing: 

Riverside County. — Associated with the tourmalines from Coahuila 
have recently been found yellow beryls, closely resembling those from 
Sarapulka in the Ural Mountains, also pale green, pink, and colorless. 
Some of the yellow crystals are finely formed and others show remark- 
able instances of etched faces, while others are almost as delicate as a 
darning-needle. 

San Diego County. — The notable locality of colored tourmalines and 
other lithia minerals, the Himalaya mine, at Mesa Grande, has yielded a 
most unusual specimen of pink beryl— a transparent rose-colored mass, 
measuring 65 by 50 millimeters. It is evidently an etched fragment of 
a very large crystal, showing planes with markings and erosions all 
over its surface. Its color varies by transmitted light from a delicate 
rose to a deep rich pink. This beautiful specimen is now in the Tiffany- 
Morgan collection in the American Museum of Natural History in 
New York City. Another somewhat similar rose beryl has lately been 
obtained from Mount Palomar near Oak Grove. This crystal measures 
11 cm. by |f cm. by 6^ cm., and weighs almost 2 pounds. It is 
perfectly transparent and of a beautiful pale-rose color. It is now in 
t lie United States National Museum. 

From Pala, in the same county, occurring with tourmalines and 
kunzites, was obtained a large detached rose beryl measuring 10 cm. 
by 5 cm. This crystal was of a pale pink color, and transparent. 

Other localities of pink beryl, lately reported, are as follows: — 

The Esmeralda mine, at Mesa Grande, together with golden beryl 
and aquamarine; both pink and green at the Crystal gem mine, near 
Jacumba; and particularly in some of the mines near Ramona. Here, 
the Surprise mine reports two pounds of large and fine crystals; and 
the ABC mine several pounds, from which many choice gems have 
been cut in San Diego, one of them a flawless stone of 30 carats, rose- 
leaf pink in color. Beryls of more ordinary tints, of various shades 
of green, are reported from a number of the mines of San Diego and 
Riverside counties, sometimes of choice quality, especially the Fano 
mine in the latter county, the Hercules and Lookout mines at Ramona, 
and the Mack mine at Mount Palomar, in the former. 

From near Ramona have also come some very curiously etched 
crystals | some of three inches long and an inch across, colorless and 
transparent as the finest rock-crystal, and covered all over the pris- 
matic and basal planes with the most complicated etching; these are 
4 — MB 
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hollow within, and made up of interlocking plates, as it were, exceed- 
ingly clear and brilliant. Pink beryls have also been found here. 

The mine owned by J. M. Mack, of San Diego, is situated m Sec. 2o 
T 10 S Pv 1 W SB M., on the foothills of Palomar Mountain, 3 
miles southeast of Pala, on a direct line between that place and Mesa 
Grande. Beryls are found here of various colors-yellow, green etc 
to deep blue— with columbite, and much crystallized quartz and fe - 
spar also black tourmalines, but none of the colored varieties so 
marked at Mesa Grande and Pala. Some of the berjd crystals are 
very small and slender, but extremely perfect and brilliant, ot . 
were singularly eroded, as though acted upon by some solvent others 
were like certain beryls from Haddam Neck, Conn., with pait of t it 
crystal transparent and the rest cloudy or nnlky, curiously resembling 
a test-tube in which a white precipitate is subsiding from a clear green 
liquid the line of demarcation being quite sharp. The beiy * i 
are found in pockets in a pegmatite rock, like all the gem-mmera s o 
this region, usually embedded in a red clay. Many fine gems have 
been cut from the clear crystals, and the clouded ones have been cut 
rn cahochon, and have a pleasing cat s-eve effect. 



GARNET. 

Grossularite, Pyrope, Almandite, Spessartite, Andradite, Ouvarovite, etc. 

The species garnet includes several varieties which are distinguished 
by differences in composition. The group m general has : — 

'H— 6.5. G.= 3.15-4.3. The majority of specimens will scratch 

quartz slightly. They are complex silicates of alumina, lime, magnesia, 
chrome, iron, manganese, or titanium, grouped as follows : 

1. Aluminum garnets: Grossularite = Lime-Aluminum garnet, 

Pyrope = Magnesium- Aluminum garnet; Almandite — Iron- A uminuin 
garnet; Spessartite = Manganese- Aluminum garnet. 

2. Iron garnet : Andradite = Lime-Iron garnet. 

3. Chromium garnet = Lime-Chrome garnet. 

1 Grossularite has a hardness of 7, and G.= 3,55-3.66. Color white, 
pale green, amber, honey, wine and brownish yellow, cinnamon- brown, 
and pale rose-red. The varieties of grossularite are essomte, or hyaci t 
and cinnamon stone. The essonite is the only true hyacinth of the 
jeweler, and has been confused by some with zircon. In the tiac 
name grossularite is confined to the pale-green or yellow stones; and 
cinnamon stone to the cinnamon-brown color. Rmanzovite is brown; 
Wiluite is yellowish green to greenish white; Topazohte is topaz to cition 
yellow; and Succinite is an amber-colored kind of grossularite. A pm v 
variety called Rosolite occurs in Mexico. 
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Pyrope (meaning “fire-like”) is the principal magnesian garnet, a 
deep blood-red to nearly black stone, prized as a gem. H.= 7.5. 
G.= 3. 7-3. 8. It is known as the precious garnet. 

Almandite. H.= 7.5. G.= 3.9-4.2. Iron-aluminum garnets prized as 
gems are also called precious garnet, like pyrope. Color cherry- 
red, blood-red to deep reds. Almandite is often called Carbuncle when 
of a deep clear red, scarlet or crimson. The true carbuncle is a 
variety of sapphire. 

The variety Rhodolite has a color between violet purple and brownish 
red, and belongs between almandite and pyrope. 

Spessartite is a manganese-aluminum garnet. H.= 7. G.= 4.0. The 
color varies from a reddish brown, or dark hyacinth red, and even 
violet, to orange red. It often affords fine gems. 

2. Andradite, or lime-iron garnet. H.= 7.5. G.= 3.8-3.9. The group 
includes varieties that differ widely in composition and color. The 
trade name Andradite is limited to the yellow or orange-brown variety. 
Dona at oid or Ural in a Emerald is a grass-green, emerald-green, or 
brownish-green stone having a brilliant luster, and showing good fire 
when cut. Colophonite is a brownish-black variety, characterized by a 
resinous luster. Mel a nit e is black to yellow-brown. 

3. Oucarovite, or Uv&rovite, lime-chrome garnet. H.= 7.5. G. = 3.41— 
3.52. The color is a fine emerald green. 

Trautwinite is an impure uvarovite from Monterey County, described 
by E. Goldsmith in Proc. Acad. Nat. Sci. Phila., 1865, pp. 9, 348, 365. 

Schorlomite lias a composition analogous to garnet. H.= 7-7.5. 
G.— 3.81-3.88. Color black, sometimes mixed with blue. 

In the trade but little attention is paid to mineral differences, but the 
garnets are often classified by color, the light-colored clear ones being 
called hyacinth; the yellowish, jacinta; a yellowish-red, guarnaccine or 
vermeille; the red with a tinge of violet, rubino de rocca or grenat siriam; 
and the deep clear red, carbuncle , especially when cut en cabochon. 

The almandite is common in granite, gneiss, and mica schist; gros- 
sularite is frequent in limestones and crystalline schists; pyrope in 
peridotites, serpentines, and basalts; spessartite in granite rocks, quartzite, 
schists, and rhyolites; iron garnets in eruptive rocks; deman toid in 
serpentine; chrome garnets with chromite in serpentines and in 
granular limestones. 

Calaveras County. — Almandite, from Bald Point, Mokelumne River. 
S. M. B. 11857. 

El Dorado County. — Grossularite in copper ore, Rodgers mine, in the 
eastern part of the county; associated with specular iron, calcite, and 
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iron and copper pyrites. Garnet rock is found in blocks several feet 
thick near Pilot Hill. S. M. B. 13937. 

Fresno County.— In calcite at San Ramon, S. M. B 9336; m teld- 
spatlnc rock at Grub Gulch, S. M. B. 7037; with epidote on quartz, 
at Fresno Flats, S. M. B. 731/. 

Inyo County.— Garnets are found in the Coosa district m large, semi- 
crystalline masses, of a light yellow color. ' Grossularite with datolite 
occurs at San Carlos, S. M. B. 2190. Cinnamon-stone is also found 
San Carlos. 

Kern CouNTY.-Garnet sands are abundant at the Soapstone Moun- 
tain and in the Mojave Desert. S. M. B. 2882. 

Marin County— Garnets in mica schists, Reed’s ranch. S. M. B. 
6562 and 12833. 

Mariposa County.— Almandite at Mount Hoffman. S. M. B. 1200,. 
Monterey County. -Trautwinite, locality _ not given. Pyrope m 
granite, from Naeimiento River. S. M. B. lo726. 

5 1> LU mas CouNTY.-The late Dr. Isaac Lea, of_ Philadelphia, whose 
great collection of precious stones is now in the L. S. ^^tiona . u^urn 
at Washington, had some transparent crystals of a da Ud 
grossularite from 1 to 5 millimeters long, that were found at the Good 

Hope mine. 

Riverside CoUNTY.-Essonite garnet in handsome crystal^ has been 
found at some of the tourmaline localities near Goalnula, as noted belou • 

Shasta County— Ouvarovite, from Shotgun Creek. S. M. 1>. 11,29. 
Sonoma County.— Grossularite in copper ore near Petaluma. 

San Bernardino Cou.M’Y.-Garnets are common in the placer sands 
of the desert. Grossularite, S. M. B. 6614. 

San Diego County. — Almandite occurs in mica schist, at Lin 

o’p vitn l’finoll S. M. B. 1223o. , - . 

Essonite and succinite appear at a number of localities m eleposi s 
spread over a considerable territory from 9 to 10 miles northeast ot 
Jacumba Hot Springs, usually associated with granite and granulai 
limestone. At three of the places some gem materia has been found. 
Associated with it is a little vesuvianite and crystallized quaitz. Elev 
localities in this region are noted by Mr. W. H. Trenchard of ban Diego 
Essonite has also been found near San Vicente, El Cajon Mountains, nw 
the crystals were full of imperfections. The finest essonite eiyst. s . 
ob tallied at Ramona, implanted on feldspar, and associated with green 
tourmaline, white topaz, and beryl, occasionally m pei et < 0 '' ” 

hedrons and trapezohedrons, of rich lioney-yellow to orange-red cc , 
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and very brilliant. They have also been discovered at Warner’s Ranch, 
Mesa Grande, Santa Ysabel, Gravilla, and Julian, San Diego County; 
Deer Park, Placer County; Laguna Mountains and Jacumba, and also 
at several places below the Mexican line. As some of the crystals were 
of exceptional brilliancy, it is possible that on further development 
many fine gems will be obtained. This essonite garnet has been con- 
founded with spessartite, and frequently reported as such, but it is really 
the former species in most, if not all, cases in this region. Among 
the mines in the Ramona district yielding specimens of very fine 
quality are the Hercules, Lookout, Surprise, and Prospect, from some of 
which beautiful gems have been cut, ranging up to 6 or 8 carats; also 
. excellent quality near Jacumba, and of less size and beauty at many 
places. Deep red garnets, 6 to 10 millimeters in diameter, also occur in 
this region. Larger ones, up to as much as 30 millimeters, occur near 
Coahuila, Riverside County, in trapezohedral crystals of remarkable 
beauty. 

Santa Clara County. -A cinnamon-stone from this county, analyzed 
by J. L. Smith, gave silica, 42.01; alumina, 17.76; ferric oxide, 5.06; 
manganous oxide, 0.20; lime, 35.01; magnesia, 0.13. G.= 3.59. 

Trinity County.- -Richly colored ouvarovite was discovered in 1899 
by Mr. George L. Carr and others, at Carrville. It occurs in small 
dodecahedral crystals from 1 to 3 millimeters in diameter, of the richest 
deep green, coating seams or cavities in chromic iron. These were at 
first thought to be emeralds, until analysis proved their real character. 

Tulare County. — Several varieties of garnets occur in this county, at 
various points. These have been principally reported by Mr. Max 
Braverman, who searched and explored for minerals in this region with 
indefatigable activity, and whose collection, generously presented by 
him in 1901 to the Golden Gate Museum, remains as a worthy record 
of his many years of labor and enthusiasm. He has reported essonite 
at Three Rivers, pyrope on Rattlesnake Creek, and topazolite from near 
the ehrysoprase locality, 12 miles northeast of Visalia. In 1900 many 
fine groups of crystals were taken out at this locality. Almandite 
was reported as abundant between North and Middle Tule rivers, by 
Mr. L. B. Hawkins. Two specimens of topazolite, with malachite and 
azurite, were exhibited by Tiffany & Co. at the Paris Exposition of 
1889, that came from this county. A curious white mineral, associated 
with the massive green vesuvianite (californite), was obtained by Mr. 
Braverman in 1902, from a point in this county near the Fresno county 
line, not far from Selma, a mile and a half from Hawkins schoolhouse. 
This proved, on analysis by Mr. George Steiger, of the U. S. Geological 
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Survey, to be a massive variety of grossularite garnet a peculiar and 

unusual form. The analysis is as follows:* 

„. A 38.59 

fel0 2 0 , 9 4 

ai,o 3 

Fe,Oj — - ® ,4>> 

FeO -- 'T 

MgO... - - 

CaO - 1 

» - 

H 2 0 (below 100° C.) - --- °" jl 

H„0 (above 100° C.) - °- 80 

CO, — 

F * 0.17 

100.02 

Ventura County. — Garnet sands are abundant in the Pirn district. 
S. M. B. 2365. 

Garnets are abundant in all the counties where the gravels are worked 
for gold, and are generally called “rubies” by the miners. 



TOURMALINE, 

Rubellite. Indicolite. Achroite. Aphrizite. 

H. = 7-7.5. G.= 3.0-3.2. Brittle. Luster vitreous. Color black, 

brown, blue, green, red, colorless. Some specimens are red internally 
and green externally; others red at one end and green, blue, or black at 
the other. 

The red or pink transparent varieties are called Rubellite; if violet- 
red, Siberite; Indicolite is blue or bluish black; Brazilian Sapphire is 
Berlin blue; Brazilian Emerald, Chrysolite of Brazil, green and trans- 
parent; Peridot of Ceylon is honey -yellow. Achroite is the name given 
to colorless tourmalines. Aphrizite is black, with a resinous fractuie. 
Dravite is brown, greenish black. 

A complex silicate of alumina, boron, magnesia, iron, and alkalies 
(soda, potash, lithia), with small amounts of water and fluorine. 

Among the most interesting and beautiful of gem-minerals are the 
highly colored varieties of tourmaline. It is only recently that they 
have come to be much known or used in jewelry, though pink (shan) 
tourmaline has long been greatly and almost superstitiously prized in 
China, The ordinary tourmalines are black or brown, but some varie- 
ties are pink, red, green, and dark blue, and these when transparent 
make elegant gems. Rarely, they are quite colorless (achroite). Tour- 
malines are remarkable also for certain optical properties which render 
them incapable of being successfully imitated, and for the fact that the 
same crystal will often show two or more richly contrasting colors in 
different parts. 

*TJ. S. Census Rept. 1900, Precious Stones, by G. F. Kunz, p. IOoO. 
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California has lately been found to possess the most remarkable mines 
of these gem-tourmalines in the world. Heretofore they have come 
chiefly from Brazil, and also from Oxford County, Maine, and Haddam 
Neck, Conn. Now, however, there are several points in San Diego and 
Riverside counties that are yielding splendid material. 

The first recognition of these minerals in the State apparently goes 
back as far as 1872, when Mr. Henry Hamilton, in June of that year, 
obtained some very fine and handsome colored tourmalines on the south- 
east slope of Thomas Mountain, in Riverside County. 

The first discovery in San Diego County is thought to have been made 
about twenty-five years ago, when some Indian children, at play in a 
camp near what is now Mesa Grande postoffice, picked up an oddly 
shaped stone, six-sided like a quartz crystal, about three inches long 
and a little thicker than a common lead-pencil. On cleaning it off and 
rubbing it with a bit of hide, it was seen to be of a beautiful blue color, 
bright and partially clear, almost like a sapphire. The natives had no 
idea of its nature, but were attracted by its beauty and singularity. 
Subsequently, other highly colored stones of like character — some blue, 
others green, others red — were picked up in the same vicinity by Indians 
and cowboys, but no one realized that they had any actual value. 

In Pala, San Diego County, Mr. William Irelan, Jr., State Mineralogist, 
reported that fine transparent crystals of rubellite (red tourmaline), 
though not of gem quality, had been found. 

The first important development at Pala was announced by Mr. C. It. 
Orcutt, in 1890.* Here a ledge of lepidolite (lithia mica) containing 
rubellite was traced for quite a distance. The rubellite crystals are 
clustered in radiating groups in the fine compact mica; they are not large 
and not clear, and hence are not suitable for cutting; but their color is a 
rich rose-red, and they make elegant specimens, on the background of lilac 
lepidolite. These have gone into collections and museums all over the 
world, and the material has been mined by tons, partly for specimens 
and partly for extracting lithia compounds from the lepidolite. More 
recently, amblygonite (alumina-lithia phosphate) has been found at 
this mine in large quantities, and this is now the greatest lithia mine 
in the world. 

The rubellite crystals found here are entirely embedded in lepidolite, 
and until recently it was found impossible to remove them to show their 
complete form. They were, however, often polished with the lepidolite — 
the rubellite appearing as pink radiations in a darker gangue of lilac- 
colored lepidolite. Recently, however, the crystals of rubellite have 
been worked out, as it were — made to stand out by removing the 
lepidolite matrix by means of brushes and cleaning-tools — forming most 
beautiful groups of crystals. 



* Report on the minerals of the Colorado Desert; 10th Ann. Rept. State Mineralogist 
of California, 1890. Min. Res. U. S. (Rept. U. S. Geol. Survey), 1893, pp. 17, 18 (reprint). 
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In regard to the early history of this locality, Mr. F. M. Sickler, who 
grew up in the vicinity and has explored for mines and minerals there- 
about a great deal, relates the following curious and somewhat romantic 
circumstances, in an article in the Kansas City “ Jeweler and Optician,” 
of May, 1904. He states that the Pala lepidolite deposit had very long 
been known to the Indians, but that it was first brought to the notice 
of the whites by an Indian deer-hunter named Vensuelada. He found 
the spot while hunting, and broke off pieces showing the beautiful pink 
rubellite in its matrix of pearl-colored lepidolite, and brought them to 
Pala. Henry Magee, an old miner and prospector, took the rubellite 




ILL. No- 11. TOWN OF PALA, SAN DIEGO COUNTY -VIEW LOOKING EAST. SHOWING 

INDIAN HOUSES. 

crystals for cinnabar, and located the property as a quicksilver mine. 
Failing to get any mercury from it, he nevertheless believed that the 
peculiar mineral must have some value, and sent samples to various 
chemists, but no one recognized it as a lithia compound of any impor- 
tance. Weary of his poor success, Magee gave it up and failed to do the 
annual assessment work on the claim. Later, one Tomas Alvarado 
relocated the property as a marble quarry ! Magee claimed that some 
interest in the mine was rightfully due to himself, but Alvarado refused 
to give him any. Upon this, Magee pointed eastward to the ridge now 
called Heriart Mountain, and said, “If this stuff is of any value, I know 
where there are thousands of tons of it over there.” Magee died, how- 
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ever, ancl liis secret died with him; but certain it is that several mines, 
with lepidolite and tourmaline, have lately been located on that very 
ridge. 

In 189B, near the crest of the San Jacinto range, in Riverside County, 
loose or “float” crystals of tourmaline were observed, chiefly black, but 
some finely colored — -red, rose, green, blue, etc.* In some cases, the 
green crystals were found to have red centers — a type long known from 
Brazil. Some large crystals were obtained and a number of gems were 
cut from them. These indications were promptly followed up, and 
several mining claims were located and worked. 




ILL. No. 12. BELFRY OF OLD SPANISH CHURCH AT PALA, 

SAN DIEGO COUNTY. 

One of these, opened near the summit of the range by three pros- 
pectors, Messrs. Dwight Whiting, F. M. Speer, and F. H. Jackson, was 
called by them the San Jacinto gem mine. It was reported that more 
than a bushel of red and green crystals was found during the first sea- 
son's operation, one of which measured eight inches in length and sev- 
eral inches in diameter. This was purchased by Harvard University, 
with other crystals several inches long and two inches in diameter. 
One of this size had a dark green basal termination and showed a red 
center on the fracture at the other end of the crystal. Other very fine 
ones are in the American Museum of Natural History, at New York. 



*G. F. Kunz, U. S. Geol. Survey, Min. Res. IT. S., 1892, p. 12 (reprint). 
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Elegant specimens were made 

^ by cutting and polishing sec- 

£ tions across the prism, in 

£ some of the large crystals of 

| this type, showing the rich 

E green exterior, then a narrow 

? zone of white, and within 

g that the red central portion — 

3 a beautiful contrast of colors, 
o 

2 recalling a slice from a water- 
w melon. Some of these were 
. as much as three inches in 
g diameter. A few years later, 
g remarkably fine crystals of 
| colorless tourmaline (aehro- 
g ite) were reported from this 
5 locality, by Mr. Dwight 
| Whiting. 

£ Soon there were several 
| mines in operation in the San 
| Jacinto district, and these 
§ gave quite a valuable output 
w for many years. At present 
g the one that is most promi- 
g nent is that known as the 
§ Fano (formerly the Simmons) 

^ mine, discovered in 1902 by 
g Mr. Bert Simmons, but now 
g owned by Mr. E. A. Fano, of 
> San Diego. This is located 
p on the north side of Coahuila 
^ Mountain, at an altitude of 
< some 4500 feet, about a mile 
d south of Bautista Creek, and 
^ four miles west of Ramona 
^ Indian reservation. About 
pn the same distance east of the 
» reservation, and a little south, 
° on Thomas Mountain, at 5000 
^ feet elevation, is the site of 
M the original discovery of col- 
ored tourmalines in this 
county, made by Mr. Hamil- 
ton in 1872. This has been known as the Columbia gem mine, and 
has yielded very fine material; but it has not been worked much of 
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late years, owing to litigation, other parties claiming it under the name 
of the April Fool mine. 

The Fano mine, besides colored tourmalines, especially rich shades of 
blue and green, yields some beryl and a little kunzite, with lepidolite 
and amblygonite. Its structure is typical of the gem deposits of 
southern California — a ledge consisting of a vein (or dike) of pegmatite, 
about five feet thick, with a northwest and southeast course, and a dip 
of 17° to the southwest. The inclosing rock is called a blue granite, 
but is probably the diorite (or gabbro) rock. 

In 1895, a rubellite crystal was reported as found on the Dameron 
place, in San Diego County, about 25 miles southeast of Pala, and a 
mile northwest of the Indian rancheria, at Mesa Grande. The pink 
tourmaline was noted as associated with the black variety in the rock 
of certain coarse crystalline granitic dikes (pegmatite) of that district. 
As these dikes are frequent, search was made among them; and in 1898, 
the great tourmaline locality of Mesa Grande was located.'* The 
occurrence has many resemblances to that at Pala, and also marked 
differences. 

The tourmalines are in large and distinct crystals, often transparent, 
sometimes in lepidolite, sometimes in quartz, and sometimes in feld- 
spar — more as in Maine and Connecticut, and in the Riverside County 
mines. As at Pala, the red variety predominates, but there are many 
crystals of other tints -blue, green, etc., and perfectly colorless — and 
many that are parti-colored; others are red externally and green 
internally, like the Brazilian, but reversed. 

The vein or dike in which the tourmalines occur here is at an alti- 
tude of 5000 feet, on the same belt as that which contains the similar 
minerals at Pala, on Smith’s Mountain. The spot seems to have been 
known to the Indians, probably from the incident before noted; and 
they have even done a little crude blasting to break up the rock and 
procure the colored crystals from the cavities in which they chiefly 
occur. 

The Mesa Grande locality is remarkable for the great size and perfec- 
tion of the crystals, many of them being almost faultless, and the 
doubly-terminated ones being the rule rather than the exception. The 
Ernest Schernikow collection from this mine is the finest known, and 
ranks with those from any locality in the world. It has recently 
(1904-05) been on exhibition at the rooms of the State Mining Bureau 
in San Francisco. A very fine set of specimens was shown at the 
Pan-American Exposition at Buffalo in 1901, in the Tiffany exhibit of 
American gems, since purchased and presented to the Musee d'PIis- 
toire Naturelle at Paris. The two-color crystals, part green and part 
red, are remarkably strong at the point of contact, so that many have 
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been cut showing one-half of the gem green, either pale or dark, and 
the other a handsome pink or red. Some of the crystals have circular 
hollows or threadlike inclusions, so that when they are cut across 
these layers they form admirable cat’s-eyes. Quite a number of remark- 
ably beautiful cat’s-eyes weighing from 25 to 30 carats have been found, 
varying from almost colorless to pale pink, rose, red, pale gieen, 
yellow-green and dark green. For this peculiar type of tourmalines, 
Mesa Grande is preeminent. One very large gem, weighing over 50 
carats, showed the beautiful bi-coloration of pink and green. This locality 
has been worked more thoroughly and has been more productive than 
any other in the United States. The mineralogical specimens alone 
must have a value of some $30,000; and up to 1905, gems to the value 




ILL No. 14. RED TOURMALINE CRYSTALS ON QUARTZ CRYSTAL, 
MESA GRANDE. 



of $200,000 are said to have been taken out. A fine series of these 
crystals is in the Morgan collection in the American Museum of Natural 
History, New York. 

During the past year or two several other remarkable localities have 
been discovered. One of these, the Pala Chief mine, is situated a mile 
and a half northeast of the town of Pala, and within a mile of the cele- 
brated lepidolite and rubellite workings at that place. But the tourma- 
lines at the new opening are more like those of Mesa Grande, and even 
larger. Some crystals were as much as a foot long and three inches 
across, of rich pink rubellite with an exterior coating of the dark blue 
variety, indicolite, separated by a pale intervening zone. Other pink 
crystals have a blue cap or termination, of a deep shade, inclining 
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toward purple. One very remarkably large crystal is like a hollow 
cylinder, apparently composed of a group of prisms surrounding an 
open central space at the axis of the cluster ; this is entirely of a lathei 
dull blue, verging toward reddish in the interior. This locality, how- 
ever, has not yet been worked for its tourmalines, owing to its yielding 
the remarkable new gem-stone, kunzite transparent lilac spodumene, 
which has attracted so much attention of late. 

The principal mine at this locality, known as the Pala Chief, was 
located in May, 1903, by Mr. Frank A. Salmons, John Guldens, and 



ILL. No. 15. PALA CHIEF MINE, PALA— SOUTHWESTERN END OF WORKINGS, 
LOOKING EAST. KUNZITE AND GEM-TOURMALINE. 

two Basque French prospectors, Bernardo Heriart and Pedro Peiletch. 
It presents the usual type of the mines of this region— a large vein or 
dike of pegmatite, between upper and lower walls of gray, somewhat 
decomposed, diorite (or gabbro) . The vein has the characteristic divi- 
sion, elsewhere described, into an upper portion, more or less coarsely 
crystallized, consisting largely of the two feldspars, albite and orthoclase, 
with some quartz, and a lower portion of fine compact feldspathic 
granite, without mica, and lined or banded in layers with small essonite 
garnets— the so-called “line-rock.” Between these is a zone of pockets, 
with much lepidolite, and the pockets filled with a talcose or clay-like 
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material, of white and reddish tints, in which are found the tourmaline 
and kunzite crystals. These have been already described. 

On another ridge eastward of this one, but separated only by a narrow 
valley, the two Basque Frenchmen above named, in conjunction with 
Mr. Fred M. Sickler and his father, M. M. Sickler, have discovered and 
located several claims showing kunzite and more or less of gem-tour- 
maline. The name of Heriart Mountain has been given to this ridge, 
which is apparently a foothill or spur of Agua Tibia Mountain. 

Several tourmaline mines have also been located north and east of 
Coahuila, Riverside County, by Mr. Bert Simmons, of Oak Grove, from 
which some large gems have been obtained. Mr. Simmons has also 
developed several mines southwest of Oak Grove, on Aguanga Moun- 
tain, which have produced a number of gem-tourmalines. From one 
of the mines here, owned by Mr. Iv. C. Naylor of San Diego, several 
tine yellow stones have been taken. These mines have also shown a 
number of other minerals, such as spodumene (kunzite), columbite- 
tantalite, pink beryl, etc. The first announcement of this region was 
made by the writer.* 

This entire lithia region, the geological character of the deposits as 
well as the descriptive mineralogical part, is now being monographed 
by Dr. Waldemar T. Schaller, of the U. S. Geological Survey, f to be 
published in 1905. 

Another discovery of a locality for colored tourmalines and kunzite 
is recently reported from a new district in San Diego County, about 
10 miles south and somewhat west from Pala, in Section 26, T. 10 S., 
R, 3 E. The locality is in Moosa Canon, near Moosa Falls, and the 
discoverers are Messrs. Thomas Freeman and Joe Meyers, of Oceanside. 
The surface indications, and specimens brought in, suggest that the 
discovery may prove as rich as the other and older mines. Quartz 
crystals of large size are also found there, and smoky topaz is said to 
be abundant; but this is more probably smoky quartz, as the topaz has 
not been found associated heretofore with kunzite or highly colored 
tourmaline. 

These gem-tourmalines all contain some lithia, and are found in asso- 
ciation with other lithia minerals, such as lepidolite (lithia mica), 
amblygonite (lithia phosphate), and the alumina-lithia silicate, spod- 
umene (kunzite). The particular associations, however, vary at 
different localities. Thus, in the Pala district there are three adjacent 
ridges; the western one, known as Pala Mountain, contains the 
great lepidolite and amblygonite mine, now worked for some years, 
which has furnished the radiating groups of pink rubellite above 

* Report Dept. Min. Statistics, U. S. Geol. Survey, 1901, p. 31 (reprint). Science, 
January 28, 1904 (Yol. XIX). 

t Science, February 12, 1904, p. 266 (Vol. XIX). 
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described, elegant as specimens, but not transparent; on the same ridge 
is the Stewart mine, which yields larger crystals of rubellite and some 
of other colors. On the middle ridge, Pala Chief Mountain, is the 
recently opened mine of that name, already mentioned, where the very 
large colored tourmalines occur, with kunzite, but little or no amblyg- 
onite. Other openings on this ridge are the Tourmaline Queen and 
Tourmaline King, of which the former especially shows crystals of rich 
and varied coloring. On the eastern ridge, Heriart Mountain, are 
several openings at which kunzite is found, and frequent association of 



ILL. No. 16. PALA MOUNTAIN, SAN DIEGO COUNTY, LEPIDOLITE MINE. NEAR 
VIEW OF THE DUMP. 

gem-tourmaline and lepidolite. The Mesa Grande locality has already 
been described; the great mine is the Himalaya, but the Esmeralda and 
one or two others have rich and beautiful gem-tourmalines, but none 
have kunzite. The Ramona district, that yields garnet and topaz, has 
less tourmaline, and hardly any of gem quality. The Riverside County 
localities, in the San Jacinto Mountains, include the Fano (originally 
the Simmons) mine, a rich producer of colored tourmaline, and the 
Columbia (also called the April Fool) mine, which was the first one 
discovered in the State, and has yielded many beautiful gems, but has 
not been worked much of late. 
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QUARTZ. 



Quartz is one of the commonest of all minerals, occurring in rock- 
masses nearly pure, and forming a large proportion of most of the 
granitic rocks. Its hardness, and the fact that it is unaffected by most 
chemicals, render it very stable and persistent, and hence it forms the 
largest part of most sands and sandstones. Its varieties are almost 
innumerable in color and aspect, and many of them are beautiful as 
ornamental and semi-precious stones, the crystals of quartz are easily 
recognized by their peculiar form, that of a six-sided prism, long and 
slender or short and stout, terminated by a sharp six-sided pyramid at 
one or both extremities. ' Some of its varieties are the following: 



Crystalline. 

Rock-crystal (colorless). 

Amethyst (purple). 

Citrine (yellow). 

Rose-quartz (pink). 

Smoky quartz (smoky). 

Cairngorm stone (smoky). 

Spanish topaz (deep yellow or brown). 
Morion (black). 

Plasma, prase (green). 

Asteriated quartz. 

Aventurine (spangled ). 

Quartz caff-eye. 

Gold-quart z. 

Dumortierite quartz. 

Tourmalinated quartz. 

Hornblende in quartz. 

Gbthite in quartz (Onegite). 

Rutilated quartz (Sagenite or Fleches 
d’ amour). 

Thetis liairstone. 



Non-Crystalline. 

Chalcedony (white and various pale tints). 
Carnelian (pink to red). 

Sard (dark red or brown-red). 

Chrysoprase (green ). 

Agate (banded, of various colors). 

Rainbow agate. 

Royal agate. 

Onyx (black and white, banded). 
Moss-agate, Moclia-stone. 

Hydrolite (inclosing water). 

Jasper, an impure quartz (usually red, 
green or brown). 

Bloodstone (heliotrope). 

Jasper agate (banded with different colors). 
Lydian stone, Basanite, Touchstone (black 
jasper). 

Xovaculite, Whetstone. 

Agatized wood. 

Jasperized wood. 



Many of these varieties exist in California. 

Rock-crystal. — Transparent colorless quartz, or rock-crystal, though 
not rare as a mineral, is seldom found in masses of large size. \\ hen 
it is, however, it is valuable for use in the ornamental arts. One or two 
localities In the Alps, which have been known and worked from Roman 
times, though very difficult and perilous of access, have furnished mate- 
rial for the elegant carved objects to be seen in European palaces and 
museums. 

In Japan also, large crystals were formerly obtained, from which 
were made the polished balls so much prized by the natives, and after- 
wards by foreigners, who have now almost drained the country of them 
bv purchase. Japan has not yielded much new material for some y eats, 
and the main supply of it has been derived from Madagascar and Brazil. 
Within the last decade, however, very fine rock-crystal masses have 
been obtained in the United States, especially in California. 





GEMS, JEWELERS * MATERIALS, ETC., OP CALIFORNIA. 



65 



In 1891-92 an important development of crystallized quartz was 
made at Placerville, El Dorado County, by Mr. James Blakiston, in a 
quartz ledge running north and south, and dipping eastward about 45 
to 50 degrees.* The rock of the ledge is partly decomposed and partly 
compact, and is traversed perhaps a hundred feet by a vein of crys- 
tallized quartz varying from 6 to 14 inches in width. This vein is also 
decomposed, and is filled in with a reddish earth or sand, and can be 
dug into with a stick or board. It is full of quartz crystals, of all 
sizes, from that of a man’s finger up to remarkable dimensions, some 
of them weighing as much as 80 or 90 pounds. Several of these, over 
50 pounds in weight, were pellucid and free from flaws; while others 
have peculiar interest from remarkable inclusions of chlorite, 8 to 5 
millimeters in thickness, at several 
depths in the crystal — thus marking 
successive stages of crystal growth, 
and making very striking “ phan- 
toms,” generally of green chlorite on 
white quartz layers. Of still greater 
interest, however, are other quartz 
crystals, 2 to 4 inches in length and 
half that in transverse diameter, con- 
taining at and near their centers in- 
clusions resembling groups or clusters 
of dolomite or siderite crystals, cream- 
white to brown in color, and consist- 
ing of many rhombohedra from 2 to 
4 millimeters in diameter. On break- 
ing the specimens, however, the 
curious fact appears that these groups 
are hollow cavities in the quartz, the 
spaces being lined with a layer of 
chalcedony, or when brown, occupied only bv a brown silicious mate- 
rial. This would indicate that the original mineral must have been 
siderite or ankerite, afterwards covered by successive growths of the 
quartz, and in some manner decomposed during that process. 

The most remarkable California quartz discovery, however, was made 
in 1897, by John E. Burton, of Milwaukee, Wis., in Calaveras County, 
at the old Green Mountain mine, in Chile Gulch, a mile and a half 
south of Mokelumne Hill. Here, in one of the ancient river channels, 
about 350 feet wide, filled with auriferous gravel and covered by an 
overflow of lava — which are characteristic of this portion of California — - 
were found a quantity of enormous quartz crystals, embedded in the old 

*Am. J. Sci. (3), 1892, Yol. XLIII, p. 329. Gems and Precious Stones of North 
America, Kunz, p. 351 (Appendix), 1892. 

5 — MB 




ILL. No. 17. Quartz Crystal from 
Placerville, El Dorado County. 
Weight 346 lbs. In Morgan collec- 
tion, American Museum Natural 
History, New York City. 
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gravel. It is claimed that twelve tons were taken out in the years 1897 
and 1898; one giant crystal, surrounded by an attached cluster of forty - 
seven smaller ones, weighed over a ton. A number of the finest were 
sent to New York, and splendid balls were cut from them by machinery 
constructed for the purpose. One of the largest crystals measured in 
the rough 19 by 15 by 14 inches, and another 14 by 14 by 9 inches. A 
perfect sphere cut from one of these crystals has a diameter of inches, 
and is absolutely without a flaw. It is worth $3000. Even larger 
spheres have been cut from these California crystals — two ranging up 
to 71 inches in diameter, but they are not entirely flawless. The first 
mentioned sphere, and one of 71 inches, cut by Tiffany & Co., are the 
largest ever produced in this country, and are justly held among the 
most valued treasures of the Morgan-Tiffany collection; and one 7^-inch 
ball is in the collection of the Musee d’Histoire Naturelle at Paris. A 
large, perfect hexagonal crystal in the American Museum of Natural 
History weighs 346 pounds. There were in all some twelve tons of 
crystals found, but few yielded cutting material. 

Some of the crystals here found are apparently the largest ever 
obtained anywhere. The exteriors were frequently roughened or dis- 
colored, in other cases quite bright; but within, the quartz was clear 
and colorless. The great crystal in the one-ton group just mentioned 
showed a portion in its interior that was beautifully clear for a space 
of 14 by 16 by 24 inches, and might yield a flawless ball of over a foot 
in diameter. It was with great difficulty that this splendid mass could 
be taken out of the tunnel without injuring it. As the crystals show 
little wear, they have evidently not been transported far from their 
source, and must have come from some vein or fissure cut through by 
the ancient streams a little way above. If this could be discovered, it 
might be a most remarkable crystal mine. 

So far as the gravel deposit here was explored by drifts, the crystals 
appeared to be strewn through it, and it would seem that there must 
be a large amount of valuable material there; but no further actual 
work has been done for several years. 

Other California localities for crystals of several pounds in weight 
are Drum Valley, Three Rivers, and Yokohl, in the neighborhood of 
Visalia, in Tulare County. 

Many fine crystals are also obtained in some of the mines in San 
Diego and Riverside counties, where they occur in the pegmatite veins 
that are worked for tourmaline and beryl. The Fano mine, in River- 
side County, near Coahuila, has sold some 200 pounds of choice quartz 
crystals; they are also frequent at the Himalaya mine, at Mesa Grande, 
both colorless and smoky, at the Mack mine on Mount Palomar, and in 
most of the mines throughout that region of the State. Some of these 
may yield good material for use in the arts. 
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The Indians used quartz of all kinds for arrow- and spear-points. 
Those made of colorless transparent rock-crystal are rare and beautiful; 
some specimens of these, only an inch long, from Calaveras County, 
were presented to the State Mining Bureau, some years ago, by Mr. 
J. Z. Davis. 

Amethyst, the purple variety of quartz, has not been found to any 




ILL. No. 18. OUTCROP OF ROSE QUARTZ— FREE ZONE, NEAR THE 
MEXICAN LINE, SAN DIEGO COUNTY. 

great extent in California; though it occurs somewhat in Mono County, 
at the Noonday mine, Bodie district. 

Smoky Quartz is somewhat abundant, but has been already men- 
tioned at the principal points, under Rock-crystal. 

Rose-Quartz is a semi-crystalline translucent variety, of pale pink 
color, sometimes slightly opalescent. It is capable of use. for many 
ornamental purposes being cut into balls, pendants, small vases, etc. 
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Ilose-quartz is a substance much appreciated by the Orientals, and it 
has been successfully imitated by them by dipping white quartz roc ' 
afte r heating, into an aniline solution; this process opens cracks m the 
quartz, which upon cooling absorbs the rose color, and retains it per- 

"Twiiartz of choice pink color exists in some quantity at several 
points in Tulare County. Specimens from Yokohl and three Rivers 
have been sold at remunerative prices; and according to Prof ^.H 
Smith of Visalia, it is found, of good quality, at several other places m 
that vicinity. Rose-quartz is frequent also in the pegmatite veins of 
the gem mines in San Diego and Riverside counties (described undei 
beryl, tourmaline, and kunzite). It is also reported as a large out- 
cropping ledge, rising above the surface of the ground for a distance 
240 feet, with a width of 40 feet, at a point near the Mexican boundaiy , 
the location is given by Mr. N. G. Douglas, who describes it as 45 miles 
from San Diego and 29 miles from Tia Juana on the public road from 
the last-named place to Ensenada, in the so-called Free Zone. It 
claimed that the material can be quarried out here m blocks of any 
desired size. Another occurrence of rose-quartz, somewhat opalescent, 
is announced by Mr. Edward N. Walsh, at Escondido, San Diego 

County. 

Gold-Quartz. -One of the most characteristic ornamental stones of 
California is the gold-quartz, which has been used to a large extent for 
iewelrv and art objects. The gold of the placers and gravel-beds is 
derived from auriferous quartz veins in the metamorphic slates of the 
Sierra Nevada, having been worn out and washed down m the slow 
decay of those rocks. But the most important mining operations are 
now conducted upon the veins themselves, where the quartz is taken 
out and crushed. In most cases the gold, even in a rich vein, is scarcely 
visible- but sometimes it is so abundant and so conspicuous that i. 
makes a strikingly ornamental stone— a matrix of white quartz, either 
opaque or translucent, through which gold is distributed freely m it e 
patches or stringers. Jewelers pay from $20 to $30 for each ounce of 
gold contained in such material -the gold itse If being worth about 
$16 50. The price of specimens varies from $3 to $40 an ounce, 
according to their beauty and to the proportion of gold included. 

This latter is determined by specific gravity. . 

Some crystals of limpid quartz, containing particles ot native gold, 
have been found in California. One of these was said o have been an 
inch long, inclosing in the center a scale of gold about the size o 
lunule of a finger nail. In Nevada County, in the Grass Valley mines, 
quartz is occasionally found supporting gold between the crystals. 
Most of the white gold-quartz comes from the counties of Butte, . < 
veras, El Dorado, Mariposa, Nevada, Placer, Sierra, Tuolumne, and 
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Yuba. A black gold-quartz is found at the Sheep Ranch mine, in Cala- 
veras County, and at Sutter Creek, in Amador. Occasionally bowlders 
of gold-quartz are met with. A smoothly rolled mass of this character 
was taken out of the bank of the Nevada Hydraulic Company, at Gib- 
sonville. It weighed 160 pounds, and was judged to contain $2500 
worth of gold; but its value for lapidary purposes was greater. 

An artificial imitation of this stone has been made, by throwing 
grains of gold from crushed quartz into a fused milky glass, and allow- 
ing it to solidify in molds of various shapes. Another process Avas to 
produce a so-called rose gold-quartz, by backing a translucent gold- 
quartz with carmine paste. This was quite effective; especially Avhen 
used in connection \\ T ith the black or the opaque variety. The same 
thing might be done with backings of other colors, and a striking variety 
of effects produced. There occurs in Hungary an amethystine gold- 
quartz of great beauty, Avhich could be readily imitated in this Avay. 

Gold-quartz is made into a great variety of articles of jewelry and 
ornament, such as cane-heads, paper-Aveights, fan-sticks, bracelets, etc.; 
it is also employed for inlaying in certain kinds of elegant furniture, 
AA'here it contrasts finely Avith dark wood or Avith other minerals of 
pronounced color, such as jasper, malachite, smoky quartz, etc. 

The jeAvelry made from this material is mostly sold to tourists from 
the East and from foreign countries, though a good deal is also used in 
California. Eleven hundred dollars’ Avorth Avas purchased some years 
ago, by an embassy from Asia; and almost all visitors buy specimens as 
souvenirs. The largest and most ambitious piece of Avork in gold-quartz 
is a model of the cathedral of Notre Dame in Paris; it is about a foot 
high, and is valued at $20,000. The amount of this material used in 
jewelry has varied greatly; it has at times been estimated as high as 
$40,000 a year, but has not approached such figures of late. One lapi- 
dary in Oakland, where most of the cutting is done, bought nearly 
$10,000 Avorth in one year, and a large San Francisco firm of jeAvelers 
bought nearly $15,000 Avorth. In 1902 the production amounted to only 
about $3000. 

In the selection of the quartz for art Avork great care is necessary. 
The stones used must be large enough to bear the rough treatment of 
the diamond-saw and the lap-Avheel of the polisher. All the rock quartz 
is friable, and some of it crumbles to pieces Avhile undergoing these 
processes. The saAV, catching in the gold in the slitting, prevents the 
cutting of large pieces, as the Avafer-like slabs are apt to be broken by 
this resistance Avhile being detached from the mass. For this reason, 
all the pieces set in cabinet Avork are small. Pieces 4 by 2 inches are 
quite rare, although fine pieces 4 inches square are at times seen. Rarely 
more than half of the rough material purchased finds its Avay into the 
market, OAving to breakage while being trimmed into shape. 
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Quartz Inclusions. — Quartz is frequently penetrated by other 
minerals, and these combinations are often very beautiful and are 
valued as ornamental stones. Instances of this kind, mentioned in 
some of the writer’s reports on the Mineral Resources of the United 
States, are the following: At the tourmaline locality near Coahuila, in 

Riverside County, the quartz is sometimes penetrated with line hair- 
like crystals of tourmaline, so as much to resemble the beautiful ruti- 
lated quartz, or sagenite. One of the finest of these specimens is now in 
the collection of Harvard University, at Cambridge, Mass., and another 
in the American Museum of Natural History at New York.* A recent 
announcement has been made of the finding of smoky quartz penetrated 
by black and greenish-black tourmaline, near Fallbrook, 8 miles west of 
Pala, in San Diego County. Mr. W. H. Trenchard reports quartz inclu- 
sions of tourmaline, hornblende, and other minerals, as frequent 
throughout southern California, especially at the mines where the gem- 
tourmalines occur. 

In Tulare County, on Deer Creek, Mr. L. B. Hawkins obtained speci- 
mens of a similar penetration of quartz by hornblende crystals, f This 
combination has also been noted by the State Mining Bureau, at Tyler’s 
Ranch, near Oleta, Amador County, and at Fairplay, El Dorado County.* 

A notable occurrence of this character is that already described (p. 65) 
in El Dorado County, near Placerville, where a decomposed quartz vein 
is full of crystals ranging from the size of a man’s finger up to 80 or 90 
pounds. Several pieces of the quartz, over 50 pounds in weight, were 
pellucid and free from flaws, while others contained remarkable inclu- 
sions of green chlorite, 3 to 5 millimeters in thickness. Some of the 
crystals also contain inclusions of chalcedony, cream-white to brown in 
color. 

Other interesting quartz inclusions are reported by Mr. II. F. Wheaton, 
of Riverside County, from the San Bernardino range, in t lie county of 
the same name, in the desert. These are the kind known by the name 
of sagenite, in which transparent quartz crystals are penetrated with 
long slender crystals of brilliant red or brown rutile, the oxide of 
titanium. This variety is well known and much admired, as both curi- 
ous and elegant, and has received the name abroad of “ ficches d' am our,” 
or “love’s arrows.” When pieces of any considerable size are obtained, 
it is a beautiful material for carving into objects of art. There were 
also noted colorless quartz crystals with chloritic “ phantoms “ including 
“minute grouped masses of a green color,” thought to be chrysocolla or 
epidote. 

There are many other kinds of inclusions; and in some cases the 
included mineral so completely penetrates and fills the quartz as to 

♦Mineral Resources of the United States, 181)3, p. 18. 

f Ibid., 1897, p. 14. 

t Ibid., 1894, p. 60L 
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change its aspect entirely, and render it almost opaque and highly col- 
ored. Such is the Mariposa County instance, referred to on page 97, 
under jade, where a quartz filled with a green micaceous mineral (mari- 
posite) in minute scales forms a green stone so resembling jade that it 
is exported to China, where jade is greatly prized. 

Dumortierite Quartz.— A very marked example of this character 
exists in Riverside County, on the Colorado Desert, about 50 miles 
north of Yuma and 11 miles west of the Colorado River. Here quartz 
is found that is so filled with a rare dark blue mineral, known as 
Dumortierite, that it closely resembles the celebrated stone long familiar 
in jewelry and the arts as lapis lazuli. Mr. John Stewart, of Los 
Angeles, who described the locality, states that the material is abundant 
and can be taken out in blocks of several hundred pounds, varying from 
light to dark blue and mingled blue and white. This should be a very 
fine ornamental stone, as it polishes beautifully. The locality, however, 
is remote and can only be worked in the winter or the rainy season, as 
water has to be hauled from the Colorado River, and the climate is too 
hot for either horses or white men from June to December. 

Near Dehesa,* San Diego County, is a large body of lavender-colored 
dumortierite in quartz, which, if cut and polished, would make hand- 
some specimens. This is evidently the mineral that was mistaken by 
the early collectors for erythrite, which it slightly resembles in struc- 
ture and color. Erythrite has a metallic lustre, the dumortierite has 
none. 



CHALCEDONY* 

On some of the California beaches are found many interesting pebbles 
of chalcedony that frequently have the appearance of a partial polish. 
Among the most notable of these beaches are Crescent City, Pescadero, 
and Redondo. The first named is in Del Norte County, at the extreme 
northern end of the State. Pescadero is nearly central, lying some 25 
miles directly west of San Jose, and may be reached by a beautiful 
mountain ride of 25 miles from San Mateo. The pebbles are found in 
great profusion, of different varieties of chalcedony and agate, many of 
them beautifully marked; others are apparently of jasper, and occasion- 
ally of fossil coral. Some of them are hollow geodes of chalcedony, 
inclosing a liquid with a moving bubble, like the “liydrolites” from 
Uruguay, South America, or from Tampa, Florida, and near Astoria, 
Oregon. These little sealed flasks, as they might be called, vary from 
the size of a pea, or less, up to rarely an inch in length, and are much 
sought after. Redondo is a favorite beach resort, about 15 miles south 
of Los Angeles. Here also are found many beautiful pebbles. It is 

* Report of Dept. Min. Statistics, U. S. Gool. Survey. 
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quite the custom after each tide for the guests at the hotel to visit the 
beach to look for these treasures, which are especially abundant nort 1 
of the pier. They are believed to come from a bed of sand and gravel 
in the vicinity. ' Several of these pebbles were found in 1901 m an 

Indian grave near Redondo. , 

At both these beach resorts, large quantities of the pebbles are gath- 
ered and sold to tourists, often in bottles of water, to bring out their 




ILL. No. 19. PEBBLES FROM PKSCADERO BEACH, SAN MATEO COUNIT. 

varied colors. Long chains and other ornaments are also made by 
drilling the stones and stringing them on a flexible wire. 

Another important pebble locality is that known as Moonstone Beach, 
on Santa Catalina island. The pebbles are not moonstones, but nodules 
of quartz weathered out of a rhyolite rock— composed of samdine feld- 
spar and quartz-while those of Redondo and Pescadero are agate and 
chalcedony, and come from amygdaloidal rocks. 

Similar' pebbles of varied coloring occur on Upper Spanish Creek, 
above Green Flat, in Meadow Valley, Plumas County, according to . r. 
J. A. E dm an A" Another locality is on the shores of Lake lahoe, where 

- r. s. Geol. Survey. Dept. Min. Statistics, 1899, p. 4" (reprint) 
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they are very abundant at points; and still another is Canon Springs, 
in the southern part of the State, as announced by Mr. C. R. Orcutt, 
who found hydrolites and many beautiful agates in the drift of the 
desert and strewn over the mesas.* 

Numerous handsome varieties of chalcedony are known to occur in 
California. Among these is a light blue variety, sometimes called 
sapphirine chalcedony. This is a stone that was highly valued in very 
ancient times, and was a favorite material for the carved Babylonian 
seals, 3000 to 4000 B. C. That used for this purpose came from Persia; 
it occurs also in the Urals, and at Treszytan in Hungary. Sapphirine 
chalcedony of equal beauty is found at Kane Springs, in Kern County, 
in masses of a deep sky-blue color, with the “botryoidal 1 or grape- 




ILL. No. 20. PEBBLE BEACH, REDONDO, LOS ANGELES COUNTY. 



cluster surface characteristic of much chalcedony. It does not seem to 
have been developed, however, nor is the amount of it to be had yet 
known. 

Prof. William P. Blake mentions the occurrence of large masses of 
white chalcedony, delicately veined and in mammillary sheets, near the 
Panoche, in Fresno County, and also in Monterey County, and of pink 
chalcedony in nodules in the eruptive rocks in Los Angeles County, 
between .Johnson’s River and Williamson’s Fork. There are doubtless 
many other localities in the State where handsome varieties of chalce- 
donv occur, that may be developed and used. Some of the silicified 
wood, elsewhere noted as frequent in the old “sub-lava” gold gravels, is 
altered to white chalcedony and various types of agate. 

* Report on Minerals of the Colorado Desert (10th Arm. Rept. State Mineralogist), 1890. 
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CHRYSOPRASE* 



Chrysoprase is a chalcedony that is colored a beautiful light green 
by the oxide of nickel. It has been a favorite stone in jewelry and 
rnamental work from very ancient times, but is found at only a few 
places in the world. Within some years past several localities of 
chrysoprase have been opened in California, in the region about t isalia, 
in Tulare County. The first discovery was made as far back as 1878, 
by Mr. George W. Smith, a surveyor, who collected specimens of the 
mineral and submitted them to experts. Mr. Max Braverman, of 
Visalia, was the first who positively identified it as chrysoprase, from 
its content of nickel oxide. Specimens were thenceforth gathered and 
sent to various collections and museums. Later, its possible value for 
jewelry began to attract attention, and renewed search was instituted, 
resulting in the discovery of two more occurrences of it in the same 
county — one on Stokes Mountain and the other on r lule Iliver. the 
original locality is at Venice Hill, about 12 miles northeast of Visalia. 
Here the chrysoprase forms small veins, 2 or 3 inches thick, in a jas- 
pery rock. Much of it is flawed, but a good deal of choice material has 
been taken out and cut-, and the color is good. The principal vein was 
located by Mr. C. P. Wilcomb, formerly of the Golden Gate Park Museum, 
San Francisco, while Mr. Braverman has been very active in searching 
and exploring. He and Mr. L. B. Hawkins located a fourth occurrence 
in 1897, in the same county, at Deer Creek, some 30 miles southeast of 
Visalia; and in the succeeding year a fifth locality was opened at Lind- 
say, half way between those two places. Here again the material is apt 
to be flawed, and much of it is pale in color; but a good deal has been 
taken out, and one remarkably fine specimen has been presented by Mr. 
Braverman to the State Mining Bureau. The stone here is mingled 
with a beautiful semi-opal of the same green colors, for which Mr. 
Braverman proposed the name chrysoprase opal or chrysopal. 

There was considerable activity at these several mines for the first 
few years, but no large or steady production. Twelve hundred pounds 
were shipped from the Deer Creek locality, live hundred from that at 
Lindsay, and three hundred from Venice Hill; but the proportion of 
real gem-material was small. More recently, however, a New York 
company has taken up chrysoprase mining with more system and 
more success. Large amounts of fine material have been taken out, 
varying from deep to light green, and a great deal has been cut, in some 
cases into stones weighing several ounces each. Most of it, however, 
had been cut into squares, rhombs, ovals, etc., for studs, links, rings, 
and inlaying or mosaic work. The great increase in production is 
strikingly shown by the fact that the value of the annual output, which 
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for several years before had been only about $100, leaped to $1500 in 
1901, and to $15,000 in 1902.* 

MOSS-AGATE (MOSS JASPER). 

Chalcedony with dendritic markings, in masses from 15 to 18 inches 
across, and jaspery agate, with moss-like markings of a dark brown 
color, are among the minerals collected by Mr. H. F. Johnson in the 
San Bernardino Mountains, in the county of that name, in the desert 
region of California, and reported by Mr. Wheaton, of Palm Springs, in 
the adjacent county of Riverside. f 

JASPER. 

Jasper is also found at many points. It occurs of fine quality at 
Murphys, in Calaveras County, of various shades of red, brown, and 
yellow. Mr. J. A. Edman has described it in Plumas County, west of 
Meadow Valley, gray, green, red, and banded red and white; and some 
of these richly mingled varieties he thinks would be well adapted for 
use in the arts. Red and green jaspers are abundant near San Fran- 
cisco, where an impure variety has been used for buildings and side- 
walks. Around the shores of Lake Tahoe are scattered myriads of agate 
and jasper pebbles, which of course indicate the presence of these min- 
erals in the rocks of the vicinity. A very peculiar variety occurs near 
San Francisco, as inclusions in basalt. The rock is made up of red 
spherulites consisting of quartz stained by iron, usually very small, but 
occasionally reaching a diameter of more than an inch. When cut and 
polished, this rock makes very handsome specimens. 



OPAL. 

H.= 6. G.= 2.0-2.2. 

Opal is essentially silica, though differing from quartz in containing: 
small amounts of water. It has numerous varieties, such as 



Noble or precious opal, 
Fire opal, 

Milky opal, 

Opal agate, 

Moss opal, 



Opaline, 
Hyalite, 
Hydrophane, 
Wood opal, 
Opalized wood. 



Opal of different kinds has been observed at a number of points in 
California, but the precious or gem variety has not yet been obtained 

♦Mineral Resources of the United States, U. S. Geol. Survey, 1902, p. 81 ; — table of pro- 
duction of precious stones, 
flbid., 1900, p. 37 (reprint). 
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of a size and quality to warrant mining operations. In 1897, fire 
opals, small but good, with larger pieces of inferior quality, were identi- 
fied by the State Mining Bureau, from Dunsmuir, in Siskiyou County. 
Very recently a locality of precious opal that may prove impor- 
tant lias been reported at the opposite end of the State, in the legion of 
the Mojave Desert, Mr. C. R. Orcutt, of San Diego, describes the opal 
as occurring in large quantities in a porphyritic rock. Most of that 
which he had seen is chalcedonic, but some true precious opal has been 
found, and good stones have been cut from it. The locality is in San 
Bernardino County, some 25 miles northwest of Barstow . Here, opal 
of various colors, some almost amber-vellow, and some — though not 
very much — of the precious and fire opal, occurs in seams, veins, and 
pockets, in what is called an indurated clay, by a more recent describer, 
but is doubtless a decomposed igneous rock. The deposit is about half 
a mile wide and two miles long, dipping rather steeply, with an overlying 
tufa, and probably resting upon granite beneath. The locality is sit- 
uated in a branch of Black’s Canon to the east of the main canon. On 
the surface are found large deposits of what is called semi-opal, a 
stone which resembles the genuine opal, but has not its beauty. The 
real opals are found at a little distance from the surface and resemble 
very much the Australian opals. J. C. Reed and associates, of San 
Bernardino, are the owners. This locality may prove valuable when 
more fully developed. 

A beautiful yellow opal, without fire, and more resembling amber, 
was noted in 1895, by Mr. M. Braverman, at the chrysoprase locality at 
Yokolil, near Visalia, in Tulare County. This might make an attract- 
ive semi-precious stone, if procurable in any quantity. He also found 
a beautiful green variety, for which he proposed the name of chryso- 
prase opal, or chrvsopai, at the chrysoprase mine near Lindsay, in the 
same county. 

Rich white opals, but with no fire, were described as long ago as 1886, 
by Prof. William P. Blake, from near Mokelumne Hill, Calaveras 
County. They were found loose in a gravel stratum, 345 feet deep in a 
shaft sunk in' Chile Gulch, in Stockton Hill; the pieces ranged up to 
the size of a walnut, and were at first supposed to have real value. A 
similar variety occurs with magnesite in Alameda County and at some 
■other points, but is of little importance. 

In San Bernardino County, milky opal was reported by Mr. Dwight 
Whiting, in 1897, in a narrow seam of sandstone, a little east of the 
N.E. i of Sec. 24, T. 1 S., R, 13 IV., San Bernardino base and 
meridian. 

The peculiar, glassy, transparent variety of opal known as hyalite has 
heen found in Lake County, in some abundance, by Mr. H. II. Myer, 
nnd is also reported as occurring with semi-opal, about 30 miles south 
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of Mount Diablo, in the range of that name. It is an interesting- 
variety, but not capable of any particular use in the arts. 

Silieified and Opalized Wood.— Silicified wood, which is variously 
known as agatized wood and wood opal, is found in abundance in Cali- 
fornia. The ancient gold-bearing gravels, overlaid by a capping of lava 
or tufa, elsewhere described, frequently contain trunks and branches of 
trees that have been permeated by silieious waters and thus fossilized. 
In some cases the replacing material is opal silica; and very interesting- 
gradations in the process of change can be seen, even in parts of the 
same specimen. Pieces from these “sub-lava” gravels from Nevada 
County (e. g.) will show parts completely silicified, but opaque and 
pale-colored, and others entirely altered to opal silica, of various shades 
of translucent brown. These logs and fragments represent trees that 
grew on the banks of the ancient streams, before the lava or tufa flowed 
into the valleys and filled them, and in some instances they are even 
found still standing erect. 

Of the manner of this remarkable change, Prof. Joseph Le Conte* 
says: “In a good specimen of petrified wood not only the external 

form of the trunk, not only the general structure of the stem — pith, wood, 
and bark — not only the radiating silver-grain and the concentric rings 
of growth are discernible, but even the microscopic cellular structure of 
the wood and the exquisite sculpturings of the cell-walls themselves are 
perfectly preserved, so that the kind of wood may often be determined 
by the microscope with the utmost certainty, yet not one particle of the 
organic matter of the wood remains. It has been entirely replaced by 
mineral matter, usually some form of silica,” 

The general theory of petrifaction is as follows: When wood is soaked 
in a strong solution of iron sulphate (copperas), then dried, and the 
same process repeated until the wood is highly charged with this solu- 
tion, and then burned, the structure of the wood will be preserved in 
the peroxide of iron that remains; also it is well known that the smallest 
fissures and cavities in rocks are speedily filled by infiltrating waters 
with mineral matters; lienee wood buried in soil soaked with some 
petrifying material becomes highly charged with the same and the cells 
filled with the infiltrating material, so that when the wood decays the 
petrifying material is left, retaining the structure of the wood. Fur- 
thermore, as each particle of organic matter passes away by decay, a 
particle of mineral matter takes its place, until finally all of the organic 
matter is replaced. The process of petrifaction is therefore one of sub- 
stitution as well as of interstitial filling. From the different nature of 
the process in the two cases, it happens that the interstitial filling 
always differs, either in chemical composition or in color, from the sub- 



Elements of Geology, p. 192. 
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stituting material. Thus the structure remains visible, although the 
mass is solid. 

Agatized wood in large quantities, consisting of trees from 12 to 35 
feet in length and from 18 inches to 2 feet in diameter, has been obtained 
near Calistoga, in Napa County; and in the hydraulic mines of Cali- 
fornia, at many points, large and very beautiful masses of opalized 
wood, of fine brown, yellow and black colors, are frequently found. 

ALBITE— FELDSPAR. 

Aventurine* Moonstone* Peristerite. 

H.= 6. G.= 2.62. Luster vitreous, often pearly on cleavage surface. 

Color white, also bluish, grayish, reddish, and greenish; occasionally 




ILL. No. 21. MOONSTONE BEACH, CATALINA ISLAND, LOS ANGELES COUNTY 

having a bluish chatoyancy or play of colors. Silica, 68.7; alumina, 
19.5; soda, 11.8. 

Albite (soda feldspar) is a constituent of many crystalline rocks, 
often associated with common or potash feldspar (orthoclase) in granite 
and pegmatite, and frequently in syenite, greenstone, and the crystal- 
line schists. The most common occurrences are in veins or cavities in 
granite or granitoid rocks. Found in Calaveras, Inyo, Marin, Mono, 
Riverside, San Bernardino, and San Diego counties. 

Both albite and orthoclase feldspar are especially conspicuous in the 
dikes or veins of pegmatite that traverse the granite and diorite rocks 
of San Diego and Riverside counties, and that carry the gem-minerals 
of that region. They constitute the greater part of the pegmatite, 
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together with quartz, and are often finely crystallized. The albite in 
some instances appears with the tourmalines, etc., in the pockets, in 
beautiful transparent crystals; and the orthoclase at times is found in 
crystals of great size; some of these at Mesa Grande are penetrated 
with fine prisms of rubellite or other colored tourmaline. 

The use of albite for gem purposes is practically restricted to those 
kinds showing a bluish opalescence or play of colors, an aventurine 
effect, or a moonstone effect when cut en cabochon. 

Peristerite is a whitish, adularia-like albite, presenting a bluish 
chatoyancv usually more or less mixed with pale green and yellow, the 
play of colors resembling that on the neck of a pigeon. 

Aventurine is a grayish-white to reddish-gray albite, with internal 
fire-like reflections proceeding from minute inclusions, disseminated 
crystals. 

Moonstone is a semi-transparent albite, having a chatoyant reflection 
resembling that of a cat’s-eye, or an opaque pearly-white variety with a 
bluish opalescence. The so-called moonstones of Santa Catalina island, 
gathered on the “ Moonstone Beach,” are not albite, however, but nodules 
of translucent quartz. (See p. 72.) Minute crystals of the adularia 
variety of moonstone with beautiful blue reflections, occurring in a vol- 
canic (rhyolite) rock, were found recently at Rialto, in the Funeral 
Mountains, in Inyo County, near the Nevada line. They are of won- 
derful beauty, but are valueless on account of their small size. They 
were supposed to be opals at first by many collectors who distributed 
them.* 

It can hardly be said that any gem material of the species albite is 
known in California, although many interesting specimens have been 
found. 



ORTHOCLASE-FELDSPAR. 

IT. = 6. G. = 2.5-2. 7. Silica, 64.7; alumina, 18.4; potash, 16.9. 
Orthoclase (potash feldspar) has already been referred to in connec- 
tion with albite. Colors white to various shades of cream, gray, flesh- 
color and reddish, rarely green or brown. The only form in which it 

occurs in California, that is capable of ornamental use, is that of 

« 

Graphic Granite. -Graphic granite, or Hebrew Stone, appears at 
Pa la, San Diego County, at the famous rubellite and lepidolite mine. 
Large masses of this peculiar rock, consisting of quartz and orthoclase 
so intergrown as to present the appearance of Hebrew writing, are found 
here as a phase of a large pegmatite dike. It is also found more or less 
at all the gem mines in the pegmatite veins of the San Diego-Riverside 



*U. S. Geol. Survey, Min. Res. U. S., 1903, p. 44 (reprint). 
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district, and is known among the miners as “ graphic-spar. : J? When it 
exists in compact masses of uniform texture, it is capable of use as an 
ornamental stone, taking a fine polish, with delicate tints and curious 
pattern. Vases and other art objects that are very handsome are made 
of tins material in Russia. 

LABRADORITE. 

H.= 6. G.= 2.72. Color gray, brown, or greenish. Labradorite is 

a lime-soda feldspar, containing silica, 58.1; alumina, 30.1; lime, 12.3; 
soda, 4.5. 

The cleavable kinds often show a magnificent play of colors in which 
blue and green predominate, while yellow, red, pearl-gray, orange and 
amber are apparent. The mineral takes high polish and is then very 
handsome. 

Observed in Mariposa County in Yosemite Park, and in San Ber- 
nardino County near Lytle Creek. 

Mr. W. H. Trenchard, in a recent communication to the writer, states 
that labradorite occurs in the granitic intrusions of the entire gem- 
bearing district of southern California, with orthoclase and oligoelase 
feldspars. 

DIOPSIDE* 

II.— (3. G.= 3.2-3.38. Luster vitreous. Color ranging from white 

through several shades of green to dark green, and even nearly black. 
Silica, 55.6; lime, 25.9; magnesia, 18.5. It is a variety of pyroxene. 

Diopside is occasionally cut as a gem. Pyroxene is a common min- 
eral in serpentine and eruptive rocks; the variety diopside occurs in 
limestones and serpentines. It is observed in El Dorado County, in 
fine dark green crystals near Mud Springs; and in fine crystals at the 
Cosumnes copper mine. 

ENSTATITE. 

Bronzite* Hypersthene* 

Enstatite.— H.= 5.5. G.— 3.10-3.13. Color yellowish, grayish, arid 

greenish white. Luster vitreous or pearly. Silica, 60; magnesia, 40. 

Bronzite. — H. = 5.5. G. = 3. 1-3. 3. Color grayish to olive-green and 
brown. Part of the magnesia of the enstatite is replaced by iron. 

Hypersthene. — H. = 6. G. = 3.4-3.5. Color dark, brownish green, 
grayish black, greenish black, pinchbeck brown. 

These minerals are all orthorhombic pyroxenes, and when cut rv 



